UNCLASSIFIED

AD NUMBER

ADB010087

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Test and Eval uation; 06 APR 1976. O her
requests shall be referred to Defense

Communi cati ons Agency, ATTN. Code 800,

Washi ngt on, DC 20305.

AUTHORITY

DCA Itr dtd 2 Mar 1979

THISPAGE ISUNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
unDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
[T§ USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED.



"' AEROSI;AC’E REP(V).F‘Q} N(S." 7
' TOR-0076(6792)-1, vOL. Il
n
g‘o | A Review of Communications Satellites
pay and Related Spacecraft
F | P for Factors Influencing Mission Success
r— Volume II: Appendices A, B, C
i <
2 E F.W.BUEHL and R. E. HAMMERAND
i Group II Directorate ] (
i Systems Engineering Operations “

DDC
Qe i,

| ﬁ APR 6 1976
| 56U TS
- C

Prepared for o

MILITARY SATELLITE COMMUNICATIONS OFFICE
OF THE DEFENSE COMMUNICATIONS AGENCY
W ashington, D. C.

17 November 1975

S N

2)

_Satellite Systems Division

THE,AEROSPACE CORPORATION




o s

i g B T M T T e

UNCLASSIFIED A K

SECURITY CLASSIFICATION OF THIS PAGE (When Data B‘ntara]“3
REPORT DOCUMENTATION PAGE SEEORE CORPE e s
i [1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER
{ TOR-0076(6792) -1
¢ 4. TITLE (end Subtitia) S. TYPE OF REPORT & PERIOD COVERED
0 A Review of Communications Satellites and Final
4 Related Spacecraft for Factors Influencing 3

Mission Success, Vol. II, (Appendices A,B,&C) s

- PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) Z 8. CONTRACT OR GRANT NUMBER(a

F. W. Buehl F04701-75-C-0076
R. E. Hammerand

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. FA':(EN:R&AW ELKEDJEFTT,NF:,I:‘OBJEEEST, TASK
Aerospace Corp. [/ /

P. O. Box 92957 PE 3 JTT1 K
Los Angeles, CA 90009

11. CONTROLLING OFFICE NAME AND ADDRESS

12. REPORT DATE

Defense Communications Agency 17 November 1975
i : Code 800 13. NUMBER OF PAGES
» jp¥ashington, D, C, 20305 240
4. MONITORING AGENCY NAME & ADORESS(iIf diffarent from Controiling Otfica) 15. SECURITY CLASS. (of thia raport)
None UNCLASSIFIED

15a, DECL ASSIFICATION/ DOWNGRADING
SCHEOULE

| 16. DISTRIBUTION STATEMENT (of thia Rapor?)
B. Distribution limited to U,S. government agencies only; covers test and f'
| evaluationof commercial and military satellite communications systems’, Other@.%

requests for this document must be referred to the controlling office (see block
11)

| 17. DISTRIBUTION STATEMENT (of tha abatract enierad in Biock 20, it diffarent from Report)

A. Approved for public release: distribution unlimited

18. SUPPLEMENTARY NOTES

None

g -

19. KEY WORDS (Continua on revaraa alda If nacasaeary and identify by biock numbar)

Satellites, Reliability, Complexity, Communications Satellites, Spacecraft,
Spacecraft Complexity, Spacecraft Lifetime, Satellite Communications.

e

G. ABSTRACT (Continus am reverse side if mreceesary and idantity by block number)
a‘lolume IT of a three volume review of communications satellite and related
spacecraft programs to identify factors influencing mission success. Includes

a summary of military and commercial programs to date evaluating factors which
contributed to success or failure of each. :

FORM
DD, 1an 73 1473 EDITION OF 1 NOV 65 1S 0BSOLETE

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entarad)

I I o e A ST S S A v




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




E \ @"" TOR-QQ76(6792)-1,Vo1§22,)

Fa ﬂ})

A REVIEW OF _C_:OMMUNICATIONS;SATELLITES \\
% 7 = ‘
AND BELATED?SPACECRAFT

& =
FORfFACTORS _INFLUENCING MISSION SUCCESS o

s e = >

Volume Ile Appendices A, B, C

e

= E A — -

i e S — A e

! . = R — f_{ e . ‘, 5

st

F. W./Buehl asd R. E./Hammerand) h
/ “Group II Ditectorate @5 g(ﬁf, /

| Systems Engineering Operations

i

I THE AEROSPACE CORPORATION /

j El Segundo, California D D C
‘ T N 3 ] r’\ Fﬂx,{;mr}
_,' (114 17 Novémmmmy?5 U <3y \
4 i ‘« e P,PR E 107 ¢ i
{ i U ’:I\..a J Ih
f " )
1 T L Prepared for {x
MILITARY SATELLITE COMMUNICATIONS OFFICE N
OF THE DEFENSE COMMUNICATIONS AGENCY , &5 §
Washington, D.C. 4 :g \7
i o i
— ' &5 9
; i f & Q
Contract No FGI4le-75-C-d'676 (l/ ."0'50 é

1_n1:!:‘i2:in‘ fitior £l :__.1 o I@ \\o \
P o m “of Y
£ PRTTI  4 Secondary distribution of this document S g@ & ‘?{

gl 5 O is not permitted without an appropriate . Q@ «% ¢
JRTIFRATIEN g Form. distribution statement approved by the & , = v X
A F ,q % ol Government Project Officer. QoS Y (/
] 41D E ARV
5§ oN




Report No.

TOR -0076(6792)-1, Vol II

A REVIEW OF COMMUNICATIONS SATELLITES
AND RELATED SPACECRAFT
FOR FACTORS INFLUENCING MISSION SUCCESS

Prepared
. uehl : R. E. Hammerand
Group II Directorate Group II Directorate
Satellite Systems Division Satellite Systems Division
Approved

H. E. McDonnell, Associate Director { B. eyer, onel, USAF

Group II Directorate Assi for Space

Satellite Systems Division Communications Systems
Systems Engineering Operations

The information in a Technical Operating Report is developed for a particular
program and is therefore not necessarily of broader technical applicability.

-iii-

i PRECEDING PAGE BLANK-NOT FILMED

N TRy




FOREWORD

This volume includes supplementary information in support of the
discussion and conclusions in Volume I. In particular, Appendix C presents
the basic data compiled during iiie study for analysis of each of the satellite
programs. The data are assembled in a form to provide a source of general
information on the various satellite programs. The information is organized
by program and consists primarily of a program summary, satellite
description, program milestones, and on-orbit experience. Not all cate-
gories are included for each program since several have not yet had a first
launch and the amount of information obtainable on all the programs was not
identical. For two programs (Project A and DSCS II), sections on testing

are included as examples of satellite testing procedures. References are

included where applicable.
The cutoff date for all data was May 1975.
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ACS

A/D

{ ADAC

AFB
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ABBREVIATIONS

ampere(s)

apogee boost motor
alternating current
automatic caging mode

attitude control system (or
subsystem)

analog-to-digital

attitude determination and
control (subsystem)

Atomic Energy Commission

CDA

CDR
CDU
cmds
CMG
CMOS

COMM., comm.

comsat
Air Force Base COMSTAR
aerospace ground equipment
CONUS
ampere-hour(s)
apogee kick motor CR&T
amplitude modulation
(of]
active nutation control
Applied Physics Laboratory, CST
Johns Hopkins University
CTA
auxiliary propulsion system
CYL
autor.atic picture transmis-
sion dB
APT ground station(s) dBm
acceptable quality level dBW
assembly DC, dc
automatic thermal controller DCAS
Applications Technology
Satellite DCPI
American Telephone & Tele-
graph Co. DCPR
advanced vidicon camera DCSs
subsystem
DDP
bearing and power transfer Y
assembly DEA
binary coded decimal DECEL
bit error rate DET
beginning of life DEV
beginning of tape DMA
Broadcast Satellite Experi- DMSP
ment (GE)
backscatter ultraviolet DoD
(spectrometer)
DRO
circuit
-Xi-

Command and Data A~quisition
(stations)

critical design review
command data unit
commands

control moment gyro

csmplementary metal oxide
seiisconductor

communications
communications satellite

domestic communications satel-
lite (AT&T/Comsat Corp.)

continental (contiguous)
United States

command, ranging, and tele-
metry

Japanese medium-capacity
communications satellite

combined systems test

control timing assembly
cylinder

decibel(s)

decibel(s) relative to 1 milliwatt
decibel(s) relative to t watt
direct current

Defense Contract Administra-
tion Services

data collection platform interro-
gation

data collection platform reports
data collection system

digital data processor

despin electronics assembly
despin control electronics
direct energy transfer
development

despin mechanical assembly

Defense Meteorological Satellite
Program

Department of Defense

data readout
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DSCS 11

DSU
DTU
bus

E
ECHL
EDT

EIA

EIRP

EMC

ENGR
EOL
EPS
ERP

ERTS

ESAE

ESM
- ESMR

ETR
ETV

EXP
FAB
FCC

FDM
FLT

FLTSATCOM

FM
FMEA

FPR
FSK

FT, ft

FWS

Armlingn i el o e i A0

ABBREVIATIONS (Cont)

Defense Satellite Communi- g
cations System, Phase II
GAPSAT
data storage unit
GE
digital telemetry unit
GEA
Data Utilization Station(s)
east (longitude) GrE
earth coverage high level GHz
Eastern Daylight Time GMT
electrical integration GOES
assembly
effective isotropic radiated GSE/TD
power
electromagnetic compati- GSFC
bility
engineering G/T
end of life HDRSS
energetic particle sensor * hi-rel
effective radiated power hr
Earth Resources Technology HRIR
Satellite (now LANDSAT)
electronic shaft angle HT
recorder
IC
equipment support module
1DCS
electrically scanning micro-
wave radiometer
IDCSP
Eastern Test Range
educational television (ATS IF
experiment)
IM
experiment
IMU
fabrication
IN, in.
Federal Communications
Commission In! elsat
frequency division multiplex
IR
flight
IRIS
Fleet Satellite Communica-
tions System
IRLS
frequency modulation
failure modes and effects IST
analysis
ITOS
flat plate radiometer
frequency-shift keyed ITR
feet JCE
filter wedge spectrometer kbps
-xii-

acceleration of gravity
(same as MARISAT)
General Electric Co.

gimbal electronics (drive)
assembly

government furnished equipment
gigahertz
Greenwich Mean Time

Geostationary Opera‘innal
Environmental Satellite

general systems engineering/
technical direction

Goddard Space Flight Center
(NASA)

gain/temperature ratio
high data rate storage subsystem

high-rcliability

‘hour(s)

high resolution infrared
radiometer

height
integrated circuit

image dissector camera
subsystem

Initial Defense Communications
Satellite Program

intermediate frequency
intermodulation

inertial measurement unit
inch(es) '

International Telecommunica-
tions Satellite Consortium

infrared

infrared interferometer
spectrometer

interrogation, recording, and
location subsystem

integrated systems test

Improved TIROS Operational
Satellite

incremental tape recorder
jet control electronics

kilobit(s) per second =
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km
LB, Ib
LES

LMSC

L.O.

MARISAT

MAS

MeV
MHz

MIL STD
min

MIT

MO
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ABBREVIATIONS (Cont)

kilohertz NEMS

kilometer(s)
NESC
pound(s)

Lincoln Experimental Sctellite NZH4

Lockheed Missiles and Space MiCd
Company
NM, nmi
local oscillator
NOAA

maritime communications
satellite
NP
Ministry of Aviation Supply
(UK)
maximum
megabit(s) per second
mechanically despun antenna
motor drive assembly
(Skynet II)
million (mega) electron volt{s)
megahertz
military standard

minute(s)

Massachusetts Institute of
Technology

month(s)

master purchase agreement

mediwrn resolution infrared
radiometer

Manned Spaceflight Network
(NASA)

multispectral scanner
mean time to failure

monitor of ultraviolet solar
energy

miillwatt(s)

momentum wheel assembly

north (latitude) QA
nitrogen Qc

National Aeronautics and QOMAC
Space Administration

North Atlantic Treaty QUAL, qual
Organization
QPSK
narrowband tape recorder
RBV
northeast
RCE

Nimbus E microwave
spectrometer

National Environmental
Satellite Center

hydrazine
nickel-cadmium
nautical mile(s)

National Oceanic and Atmo-
spheric Administration

negative-positive
non-return to zero
northwest

operations

power amplifier

power amplifier control unit
pulse amplitude modulation
pulse code modulation
power control unit

percent defective allowable
preliminary design review
payload

position location and aircraft
communication experiment

phase modulation

precision mounting platform
photomultiplier tube
pPrimary

psuedo-random noise

pound(s) per square inch,
absolute

phase-shift keyed
pulse width modulation
quality assurance
quality control

quarter orbit magnetic
attitude control

qualiflcation
quadriphase - shlft keyed
return beam vidicon

reaction control equipment




RCS
RCU
RCVR
RDU
RF
RFI
RGA
RMP
rms
R/O
rpm

RSS

RTG

RTTS

RVCF

SA
SAB

SAMSO

SATCOM

SCF

SCR
SCMR

SE
SEC
sec

SEM

SESP

SGLS
SHF
SIRS
SITE

S it e

ABBREVIATIONS (Cont)

reaction control system
redundancy control unit
receiver

'

receiver-demodulator unit
radio frequency

radio frequency interference
radiation generator assembly
rate measuring package
root-mean-square

readout

revolution(s) per minute

reaction control equipment
support structure

radioisotope thermoelectric
generator

real time transmission
subsystem

Remote Vehicle Checkout
Facility

solar array

Satellite Assembly Building

Space and Missile Systems
Organization

(U.S. Air Force)

satellite communications
system

Satellite Control Facility
(U.S. Air Force)

selective chopper radiometer

surface composition mapping
radiometer

southeast

secondary

second(s)

scanning electron microscope
space environment monitor

(SMS}

Space Experiments Support
Program (now STP)

Space-Ground Link Subsystem
super high frequency
satellite infrared spectrometer

satellite instructional tele-
vision experiment

SLS
SMS

S/N
SNAP

SPO
SPM
SR
SRR
STDN

STP

swW
SYNC
TACSAT

TBU
T&C
TDA
TDAL
TDM

THIR

TI

TIROS

TLM, T/M
TOS
TRUST

TT&C

TV
T/V
TWT
TWTA
TYP
UHF
UK

UsB i

-Xiv-

switching logic assembly

Synchronous Meteorological
Satellite

signal-to-noise ratio

System for Nuclear Auxiliary
Power

system program office
solar proton monitor
scanning radiometer
SR recorder

Satellite Tracklng and Data
Network

Space Test Program
southwest
synchronous

Tactical Communications
Satellite

time base unit

telemetry and command
tunnel diode amplifier

tunnel diode amplifier/limiter
time diyinion multiplex

temperature, humidity
infrared radiometer

Texas Instruments, Inc.

Television and Infrared
Operational Satellite

telemetry
TIROS Operational Satellite

television relay using small
terminals (experiment)

tracking, telemetry, and
command

television

thermal/vacuum

traveling wave tube

traveling wave tube amplifier
typical

ultrahigh frequency

United Kingdom

unified S-band




VIP

VHRR

VHRRGS

VISSR

VISSR DR
VREC
VTPR

ABBREVIATIONS (Cont)

volt(s)
variable command count

voltage -controlled variable
power divider

volt{s), direct current
very high frequency

versatile information
processor

very high resolution
radiometer

VHRR ground station(s)

visible infrared spin scan
radiometer

VISSR digital multiplexer
visual data recorder

vertical temperature profile
radiometer
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WECO
WEFAX

WESTAR

W/F
WK

WT

watt(s)

wideband video tape recorder

Western Development Labora-
tories (division of Philco-
Ford)

Western Electric Co.

weather facsimile

Western Union cormmercial
communications satellite

wow/flutter

week(s)

weight

Western Test Range
transmitter

year(s)

s T T L [ e

e e m"!ﬂ\"""m '




0
| r
1
l i
1
!
g

U APPENDIX A

SPECIAL PRODUCTION LINE PROGRAMS




S S ey s

L o TP Al T

ST I

A.l THE DEFENSE SUPPLY AGENCY'S MILL
A RUN PROGRAM

The Mill Run Program is a program wherein, without a contract,
manufacturers agree to produce, stock, and distribute specific materials.
They agree that the materials will meet appropriate federal or military
specifications. Production is in anticipation of possible procurement by
DoD activities or DoD contractors or subcontractors. Defense Contract
Administration Services (DCAS) quality assurance personnel verify com-
pliance with specifications. The material is then marked in accordance
with applicable specifications and also with the manufacturers' symbols to
insure its identity throughout stocking and distribution. Thus, government

source-inspected specification material is readily available, essentially off

the shelf, for purchase by DoD procurement offices and by defense contractors.

Those products which are considered appropriate for the program
are basic Military Specification or Federal Specification materials or basic
parts usually purchased in relatively small quantities. For example, air-
craft aluminum and aluminum alloys fall into this category. Recently,
MIL-M-38510 and MIL-M-0038510 microcircuits and established reliability
resistors have been added. The benefits of the Mill Run Program are con-
sidered by the Defense Supply Agency to be:

a. The purchaser can confidently buy products which have been

produced, inspected, and tested by the manufacturer in

accordance with the detail specifications as verified by
government source inspection.

b. Instead of being faced with several months lead time, material
is available in stock for immediate shipment to a government
buying office or to a defense coantractor who needs the specific
material to perform on a particular contract.

C. Longer production runs under tight manufacturing and quality
controls generally produce parts with higher quality and higher
reliability. This is particularly true in the case of micro-
circuits. i

Longer production runs generally reduce unit costs.

Mill Run participants realize a sales advantage over non-
participants (see items a through d).

4
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The Mill Run Program results in a cooperative venture
between participants and the government which is thought
to be more efficient than strictly buyer-seller relationships
that involve short production runs.

g. DCAS quality assurance efforts are ultimately reduced since
large lot production reduces or eliminates piecemeal inspec-
tion and verification on many small quantity purchases.

A.2 NASA/VIKING CONTROLLED LINE

Texas Instruments, Inc. (TI) was selected by the Martin Company

(the Viking prime contractor) to produce digital integrated circuits for the

Viking program on a controlled line, i.e., with separate facilities and per-

sonnel. Major characteristics of the procurement were:

a.

Specification Control - All manufacturing specifications from
metallization to final shipment were approved by Martin and
no changes were allowed without approval from Martin.

Operator Selection and Training - No production operator with
less than six months experience could be employed on the
Viking controlled line. All production operators were certified
by TI's quality control organization to be proficient at their
assigned responsibility.

Traceability - Traceability to the diffusion lot, metallization
lot, and assembly lot was maintained on each unit shipped.

Material Review Board - Representatives from the TI and
Martin quality control organization were assigned to a material
review board. There could be no disposition of questionable
material without mutual agreement of both parties.

SEM Inspection - A sample from each metal evaporation lot
was subjected to scanning electron microscope (SEM) inspec-
tion for evidence of lifting metal, undercut metal, incorrect
oxide steps, and general quality. Martin in-house representa-
tives reviewed results and gave final approval on material.

Visual Inspection - Two 100 percent visual inspections were
performed on each integrated circuit die by TI manufacturing
personnel at 100-power magnification. This was followed by
a lot acceptance by quality control personnel to a 0.65 percent
acceptable quality level (AQL). After the units were mounted
and bonded, pre-seal inspection was performed by TI manu-
facturing personnel at 40~ and 100-power magnification on

100 percent of the units. Quality control personnel then
accepted the lot to a 0.65 percent AQL sampling plan. This
inspection was followed by a 100 percent inspection by Martin
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employees at 40- and 100-power magnificatiou. DCAS
personnel then sampled the lot at a 0.65 percent AQL. All
of the above inspections were performed to the criteria of
MIL-STD-883A.*

Bonding Control - Each bonding machine was monitored twice
per shift. Ten bonding wires from two units were pulled to
destruction. One or more bonding wires whose pull strength
was less than 2.0 grams would require that machine to be de-
activated until the reason for failure was established and cor-
rective actions taken. After sealing, environmental testing,
and initial electrical testing, five units from each assembly
lot were de-lidded and subjected to bond strength testing.
This calculates to 70 bonds per assembly lot that received
bond pull testing. These test data were reviewed by Martin
quality representatives and any suspicious lots were routed
to the material review board for final disposition. All of the
above testing was performed by TI quality control personnel.

Destructive Physical Analysis - The five units from each
assembly lot that were de-lidded and subjected to bond pull
testing were also inspected optically at 100-power magnifica-
tion for evidence of metal corrosion, foreign material, and
general workmanship. Any suspicious lot was routed to the
material review board.

Recorded Electrical Data - All units were subjected to DC
electrical testing at +25, +125, and -55°C %rior to burn-in.
Recorded data were taken on all units at 25°C. After com-
pletion of burn-in, all units were retested and recorded data
taken at +25, +125, and -55°C. Delta comparisons were then
made on the +25°C data. A 2 percent defective allowable (PDA)
on the 25°C data was applied to critical parameters.

Burn-In - Each unit was subjected to a 240-hour operating
burn-in at 125°C.

X-Ray - A two-view X-ray inspection was performed on each
unit for evidence of poor wire dress, extraneous material,
improper die attach, and voiding of die to package interface.

Government Bonded Locker - After all processing had been
performed and lot history and data had been reviewed by TI
and Martin quality representatives, DCAS personnel reviewed
the data package and, if acceptable, placed completed units in
a government bonded storage area. Units were shipped to
various subcontractors after instruction by Martin.

%*
Test Methods and Procedures for Microelectronics (15 November 1974).
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f m. Backup Material - A predetermined quantity of each integrated
circuit die was processed through SEM inspection and stored
in wafer form for use in case of unforeseen yield losses during
processing. This material was kept in storage until the entire
program was completed.
The primary point made by the vendor as a result of the procure-
ment was that the parts manufacturer must be involved with prime contractors

at the earliest possible date if future reliability and cost goals are to be met.

A.3 THE NASA/GSFC CMOS COMMON BUY
AND STOCKING PROGRAMS

The Goddard Space Flight Center (GSFC) Common Buy contract to
buy Series CD4000A complementary MOS (CMOS) integrated circuits is a

«i . direct outgrowth of the goal to encourage the use of high quality components
| despite pricing and lead time problems. This goal was achieved because of
ul a management decision at GSI'C, at about the same time, to institute an in=-
house stocking program for high reliability CMOS. Although the stocking

! \ program and the contract are now functionally unrelated (except for the fact
that the stocking program is one of the buyers under the contract), the two
were initially intertwined and neither would have been realized without the 1
other. The stocking program is intended primarily to service in-house i
. designers at Goddard. :

{ The Common Buy contract signed with RCA for the CD4000A series

o

of CMOS integrated circuits permits purchases not only by Goddard but also
'by any othar NASA center, any government agency, or by any of their con-

tractors, provided that any contractor purchases are (only) for direct govern-

- ment contracts. Whereas many users are eligible to procure devices, the
contract stipulates that all orders must be placed through and by GSFC,
although parts can be drop-shipped directly to any destination. Figure A-1

e A M e g g - om0

shows the complete flow for orders, payment, and parts between RCA, GSFC,

other NASA centers, other government agencies and contractors.

*Proceedings of the Space System Microelectronics Seminar held 15- 16 April
1975 in Los Angeles; to be published.
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Under the terms of the contract, GSFC is solely responsible for
formally resolving and ruling on problems of any nature (failure mode prob-
lems, specification waivers, failure of parts to meet specifications, delivery,
etc.) regardless of the delivery destination of an order. Although this status
is contractually stated and recognized as a specific responsiblity on the part
of GSFC, in actual practice decisions affecting non-GSFC buyers are not
autocratic or arbitrary. Other NASA centers, government agencies, or
contractors who have placed orders for parts and paid for them through
GSFC are expected to accompany the GSFC representative on plant visits.
Unless GSFC judges that there are broader implications which, overall,
might have a detrimental effect, any decisions made and stated by GSFC on
a particular problem will be in compliance with the specific desires of the
initiator of that order. However, it must be understood that should GSFC
judge that a user's opinions or desires could have repercussions contrary to
the purposes of the contract, GSFC can and will rule unilaterally ageinst
that user. Uniformity in contract direction and interpretation is logical and
necessary, although the implied additional workload on GSFC to resolve
technical or administrative problems is undesirable.

Based on the Goddard program it is concluded that common-buy
volume contracting is basically a sound approach to obtain high quality piece
parts. A stocking program is a natural complement to this buy program
and promotes standardization. Standardization is highly desirable because

it reduces the piece-parts cost per unit.

A.4 LMSC MONITORED LINE PARTS PROGRAM

The Lockheed Monitored Line Parts Frogram was initiated in 1972
.

for the benefit of Lockheed and its subcontractors. As of April 1975, it has

involved six part types and has been applied to 11 programs and 14 major

subcontractors. Three part suppliers are participating under a LMSC/

supplier agreement.
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! The role of LMSC 1s:

, a. Create the Monitored Line Parts Program Office to provide
: technical and administrative direction.
- b. Prepare all specifications and coordinate with users.
’ €. Maintain the master parts list.
4 d. Negotiate the Master Purchase Agreement (MPA) with part
X ] suppliers.
: | . e. Provide resident monitoring team at each vendor facility.
| f.  Help establish delivery priorities.
. g. Coordinate technical problems with part suppliers and users.
h. Collect subcontractor failure data and analyze for trends and
] corrective action.
3 L
; | it Guarantee the sale of part types and quantities.
o The role of the vendor is:
l a. Supply all parts of a class (e.g., bipolar small-signal tran-
l sistors) to the requirements of the specification for the total -y
| program needs. Q

_ b. Allow a team of resident LMSC personnel, who represent
g Parts Reliability Engineering and Product Assurance Engi-
4 l neering, facility access to perform monitoring functions.

(o Ship electrical test data on each part to its user and to LMSC.

3 : d. Retain all manufacturing traceability records and test data
for recall upon demand for a minimum of three years.

| e. Provide a Program Manager to coordinate Monitored Line
activities and provide a single interface point. 3

f. Accept orders for designated part types from LMSC and speci-
fied contractors.

g. Bill against each using subcontractor order at a negotiated
price based upon a block buy.

The role of the subcontractor is:

! a. Notify LMSC of part technical requirements so that specifica-
tions can be prepared.

f b. Provide LMSC with part requirements so that LMSC can assess
i the total program usage and negotiate guaranteed MPA quanti-
ties with the suppliers.
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¢l Place part orders directiy with the part houses.
d. Key all orders to the LMSC MPA.
e. Notify LMSC of parf failures at their facility.

Conclusions regarding the program, as presented at a 1975 micro-

electronics seminar, were quite favorable. An MPA was found by LMSC

to be the best approach to supplying these parts to subcontractors.

* P
Proceedings of the Space System Microelectronics Seminar held 15-16 April
1975 in Los Angeles; to be published.
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Repetitive development of basically similar subsystems for satellites
! i is both costly and inefficient. The advantages of standardized hardware are
' obvious and give rise to the concept of a spacecraft "bus' that could be com-
monly utilized by many space programs. In the following discussion, the ad-
, vantages, disadvantages, and past precedents for employment of spacecraft
buses will be recounted. Additionally, considerations for any bus design for
- future programs will beﬁdiscussed.

The spacecraft bus is considered to be a satellite without a payload,
but capable of performing a given mission once the payload has been integrated
with it. The ramifications of the foregoing statement are that the size and

-& capacity of the bus will be compatible with a range of payloads, and that the
E performance of bus subsystems can meet all of the unique requirements each
| } of these payloads demands. To satisfy such requirements, it becomes ap-

‘ : parent that the bus must have a fairly high degree of flexibility. This flexi-

; | bility can be achieved in the bus design by adding capacity through modular
'""building block'' design, and with a number of accessory payload-peculiar
1 ‘ i add-ons to achieve compatibility with the payload requirements.
4 The advantages and disadvantages of a common spacecraft bus con-
cept are presented in Table B-1. The most obvious advantages are that it
' avoids the recurring time, cost, and efforts to design and develop basic sup-

port subsystems for each project. To some extent this duplication for current

{‘, space programs is partly avoided by using off-thc-shelf components, but the
integration of those components into a spacecraft for each particular program
ig often quite different. Other advantages of standardized subsystems are that
3 time and money are saved by use of standardized procedures for production
: and testing. Similarly, standardization of subsystem operational interfaces
yields savings in procedures for satellite deployment and on-urbit operations.
Finally, the accumulation of failure data and corrective measures on the

standardized components should improve the quality of the standard subsys-

tems and result in a more reliable spacecraft.
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To realize the above advantages will require a tradeoff in other
» areas. For example, a given payload will interface to well-defined space-
craft subsystems, but in some cases the paylcad program may need to ac-
cept design constraints imposed by those interfaces, or be willing to pay for
additional engineering and test to incorporate an unforeseen requirement of
unique nature. In the broader perspective, the very large initial investment
to develop the bus, its AGE, and other operational support, may be prohibi-
tive in light of available funding at a given date. Also, once committed to
production, subsequent procurement alternatives and competitive bidding are
essentially reduced to a sole source. Finally, the bus must always be de-
signed to its worst case mission which means that it is overdesigned for most
i other missions.
There have been several precedents where a spacecraft bus has been
i used for more than one program. The most versatile exam;“ilg was the
| Standard Agena. In 1962, the Air Force Space Systems Division developed
a standardized spacecraft with numerous optional equipments to serve as a
| “ spacecraft bus. The Standard Agena incorporated a substantial propulsion
i capability, and could be utilized solely as an ascent stage as well as an or-
biting spacecraft. Figure B-1 illustrates the main features of the standard

vehicle, and Figure B-2 shows the Agena configured as an orbiting satellite

with payloads for the Space Test Program Flight 71-2.
l Other Bus concepts similar to Agena were the Burner II upper stage
vehicle and the OGO spacecraft.

The designs of certain satellites, although not exactly buses, have
| evolved in a manner that retained many common features of an earlier model.
Examples of such derivatives based on a military communications satellite
1 ! are: Skynet], NATO II, NATO III, and the commercial Japanese CS. Simi-
larly, there is some design commonality evident in Intelsat IV, Intelsat IVA,
and the AT&T COMSTAR. (These configurations are illustrated in Appendix C.)
The Intelsat IV also bears a resemblance to TACSAT with the exception of the
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ASCENT-STAGE ENGINE
BELL 8096 (restartable)

THRUST VALVE CLUSTER (2)

\
REACTION CONTROL GAS \
NITROGEN TANK A
SEPARATION PLANE FOR
AFT SECTION-ADAPTER ULLAGE
ROCKET (4)
TANK-FAIRING
CABLE WAY (2)
AFT SECTION

PAYLOAD EQUIPMENT RACKS
AND
EXTERNAL OXIDIZER

TANK
FUEL TANK

FAIRING

~— FORWARD SECTION WITH
SUBSYSTEM EQUIPMENT

HORIZON SENSORS (2)

LAUNCH DATES - VARIOUS PROGRAMS CHARACTERISTICS
1959 THROUGH 1973 DIAMETER - 60in.
BOOSTERS - ATLAS /AGENA LENGTH (less P/L) - 243 in.
THOR / AGENA WT (dry-less P/L) - 1599 Ib
. POWER (batteries) - 500W
ORBIT - NEAR EARTH (typical) DESIGN LIFE (typ) 1 wk-6 mo

Figure B-1. Agena Satellite Vehicle; Standard Agena (SS-01A) Illustrated




INPUT-OUTPUT ANTENNA
(deployed - experiment)
ONR - 001

PROPELLANT TANK

SECTION

SUBSYSTEMS
EQUIPMENT BAY

HEAT EXCHANGER
NSA - 101 (exp)
CELESTIAL IR

MAPPER (exp)
SAMSO - 002

AGENA ASCENT-
STAGE ENGINE

AFT SECTION
EQUIPMENT
RACKS

FIXED*
SOLAR ARRAY
(deployed)

FLEXIBLE SOLAR ARRAY
(deployed - experiment)
RTD - 806

LAUNCH DATE - 17 OCT 1971
BOOSTER - THORAD /AGENA

ORBIT - 425 nmi,
93 deg INCLINATION

CHARACTERISTICS

DIAMETER (ascent) - 5 ft
WIDTH (deployed - 40 ft
LENGTH (ascent) - 31.5 ft

WT (on-orbit) - 3443 |b
*POWER (BOL) - 435W
DESIGN LIFE -6mo

Figure B-2. Space Test Program (STP) Flight 71-2 (Agena Satellite)
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antennas and AKM. More accurately, the design of Intelsat IV reflects

TACSAT experience, in particular the design improvement of the nutation
dampers and a change to a brushless drive motor for the despun antennas.
There were several cases where employment of the same space-
craft could be termed a bus. These were the Skynet I/NATO II and the
Anik/WESTAR programs. For NASA programs, the use of Nimbus space-
craft design features for the ERTS/LANDSAT satellite represents a near-

bus concept.
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C.1 TRANSIT (NAVIGATIONAL SATELLITE)

@.1:0 Program Summary

The Transit navigational satellite was originally designed and
constructed by the Applied Physics Laboratory (APL) of Johns Hopkins
University for the U.S. Navy Strategic Systems Project Office. During the
period 1962 to 1968, 17 satellites were launched on Scout boosters into
600-mile, circular, near-polar orbits, In 1966, the RCA Astro-Electronics
Division at Princeton, New Jersey, became the spacecraft prime contractor.
Of 15 flight models built by RCA three have been flown, one each in 1968,
1970, and 1973; 12 are in storage at the RCA plant.

The early Transits had relatively short on-orbit lives. Sub-
stantial design modifications (recommended by APL and RCA) to the last
three satellites built by APL resulted in much longer life satellites which, in
early 1975, were in their eighth year of operation on-orbit. Three of the
satellites built by RCA are also still operational on-orbit. One of the RCA-
built spacecraft suffered an RF downlink power output reduction that resulted
in the satellite being out of operation for a 3-month period and subsequently
having a lower than nominal (but satisfactory for operation) system margin.
In summary, the system is fully operational with adequate satellites in

storage for long term replenishment.

c a2 Satellite Description

Figure C.1-1 shows the general external features of Transit.
Internally, only the receiver is redundant. Table C. 1-1 summarizes the
satellite subsystems.

The spacecraft design concept is one of simplicity. Redundancy
is minimal, attitude control is performed by gravity gradient, and deployment
mechanisms are uncomplicated. Advanced technology was not employed

except in the areas of welded wire, IC memory, and crystal oscillator.

Crn a3 Key Events and Milestones

Significant program milestones are shown in Figure Cc.1-2.




GRAVITY GRADIENT
BPANAS

EQon: (DEPLOYED)

COMMAND RECEIVE
ANTENNA (2)

SOLAR ATTITUDE
DETECTOR

SOLAR ARRAY {4)
{DEPLO?ED]

MAGNETOMETER
SENSOR (3)
DIRECTIONAL
ANTENNA
(DEPLOYED)

CHAR AgQ ERISTICS
LAUNCHES (RCA BUILT) WIDTH ASCENT) -
#21 . 1 MAR 1968

1.5 FT
WIDTH (DEPLOYED) - I13FT
#22 . 27 AUG 1970 HEIGHT (DEPLOYED)- 102 FT
#213 . 29 OCT 1973 wT (LIFTOFF) - 131 LB
POWER (BOL) - 20 WATTS
BOOS1¥R . scourt DESIGN LIFE - L.5 YEARS
ORBIT - 620 NM POLAR
Figure C, 1.1, U.S. Navy Navigation Satellite - Transit

. I 8 Ay o
1 i L ..1 o=




et e AT AP e P o s i | i

Table C.1-1, Transit Subsystem Description

Structure
° Octagon box, 18 in, across
U Innerstructure for strength and equipment mount
L Gravity gradient boom, and sensor attachment structure
! L Solar array mounting panels

Orbit and Attitude Control

. - ° Deployed gravity gradient boom (100 ft) and weight
E | o Hysteresis rods
° Electromagnet

} Electrical Power

Four deployed solar arrays with 13,376 cells
Four battery modules

DC-DC converters

Distribution system

Telemetry and Command

l ‘ ) Two command receivers and antennas
{

[ 35 channels of telemetry at 150 MHz

1 Thermal Control

® Passive

Payload Subsystem

| ° Two RF beacons
° Onboard memory for orbital elements

° Directional antenna {
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Cc.1.4 On-0Orbit Satellite Experience

C.1.4.1 Mechanical

Conservative design in deployment mechanisms resulted in

satisfactory operation on-orbit.
C.1.4.2 Electrical

The short life of early models dictated substantial design
modifications, which were successful in increasing spacecraft on-orbit
longevity. Design simplicity and employment of little advanced technology
combined with minimmum redundancy was then effective for Transit.

Over -conservatism in part failure rates contributed to much
longer than predicted orbitel life for the improved vehicles. A secondary

effect was the need to store a number of completed spacecraft. No signs

have been found of degradation due to storage.

C.1-7
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Cc.2 AGENA PROGRAMS

c.2.1 Program Summary

Agena was developed and is fabricated by the Lockheed Missiles
and Space Company (LMSC) at Sunnyvale, California. The U.S. Air Force
Space and Missile Systems Organization (SAMSO) is the procuring agency.

The first of numerous contracts was started in the late 1950s,
with the first launch occurring in February 1959. Several different types of
Agenas have been developed, the basic designators being Agena A, S-01
(Agena B), the Standard Agena (Agena D), and Program Assembled Agenas.

Agenas have been launched on Thor, Atlas, and Titan boosters. They have

been used as booster stages and to carry a variety of payloads. More than
300 Agenas were launched through September 1973, Of these, approximately
200 were Standard Agenas, the first of which was launched in 1962. Fro-
gram Asscmbled Agenas have been flown from 1959 to the present time. The
discussion herein is primarily related to the Standard Agena and Program
Assembled Agenas from Agena flight 256 in January of 1968. Additional

data on Agena flights are given in Reference C.2-1 and other documents

referenced therein.

c.2.2 Spacecraft Description

A typical Agena is shown in Figure C.2-1. Items comprising

the subsystems are given in the STP 71-2 summary (Section C. 13).

C.2.3 Key Events and Milestones

Details of the many Agena flights are available from LMSC. A

summary of Agena anomalies is given in Reference C.2-2.

C.2.4 Agena Program Experience

The anomalies experienced by the Standard and Program

Assembled Agena models reflect their development from earlier Agenas.
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STANDARD AGENA (SS-01A) ILLUSTRATED

ADAPTER RETRO-ROCKET (2)
ASCENT-STAGE ENGINE . R

BELL 8096 (RESTAR TABLE) ~
\

THRUST VALVE CLUSTER (2) Wi
\

REACTION CONTROL GAS \
NITROGEN TANK o

SEPARATION PLANE Yin g A
FOR AFT SECTION-ADAPTER
ULLAGE
ROCKET (4)

TANK-FAIRING
CABLE WAY

AFT SECTION
(2)

EQUIPMENT RACKS

PAY LOAD
AND
EXTERNAL O{i}g{i ER
FAIRING

FUEL TANK

FORWARD SECTICN WITH
SUBSYSTEM EQUIPMENT

HORIZON SENSORS (2)

CHARACTERISTICS
LAUNCH DATES - DIAMETER :
1959 THROUGH 1973 YL AR LR
POWER (BATTERIES) -
BOOSTERS - ATLAS/AGENA DESIGN LIFE (TYP) 1 WK - 6 MO
THOR / AGENA
ORBIT - NEAR EARTH (TYPICAL)

Figure C.2-1. Agena Satellite Vehicle
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! The later Agenas had few serious problems that stemmed from the design
per se. A large proportion of the anomalies involved part failures and de-
fects traceable to inadequate workmanship. Diodes, valves, commutators,
switches, connectors, and relays were the primary type of parts causing

i the anomalies. Relays were particularly troublesome, with loose particles
blamed for many of the anomalies. One solution for this, and «ther '‘work-
manship'" problems, was more stringent testing and inspection. In some

1 cases, an improved type part was procured for subsequent vehicles. On the

assembly (component) level, tape recorders were particularly unreliable and

numerous changes were made in their design. In some instances changes
were made in the vehicle to provide an improved environment for recorder

! operation,

-
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C8 VELA (NUCLEAR DETECTION) SATELLITE
€. Sl Program Summary

s i S

; The Vela satellites were designed and fabricated by the
T'RW Systems Group at its facility in Redondo Beach, California. This
activity was under the direction of the Air Force Space and Missile Systems
Organization (SAMSO) and The Aerospace Corporation of Los Angeles.

The Vela contract was let in late 1961 and culminated in .
launch of the first pair of satellites on an Atlas/Agena booster from Cape .?
Kennedy in October 1963. During the course of the program, the design §
was substantially changed to incorporate improved capability. Subsequent ¢
launches on Atlas/Agena boosters occurred in July 1964 and July 1965. |
Three additional pairs of satellizes were launched on Titan IIIC boosters in
April 1967, May 1969, and April 1970. All of the satellites enjoyed on-
orbit lifetimes far in excess of their design life. Satellites of the first four

launches have been deactivated and those of the last two are still operational.

Ciei3a2 Spacecraft Description -

The general characteristics of the Vela satellite are shown
in Figure C.3-1. The icosahedron shape was chosen because it was a good
approximation of a sphere, which would best satisfy the Atomic Energy
Commission (AEC)* requirement for the location of the external detectors.
The 20 equilateral triangular surfaces of the icosahedron were also well suited
for relatively simple fabrication operations. The central cylinder of the
satellite housed the injection rocket and provided the necessary structural
rigidity to enable two identical spacecraft to be launched in tandem. The
electronic equipment was supported by the honeycomb-sandwich platform
structure, which also provided the heat transfer necessary to maintain the
operating temperatures of all components. The various components and their
weights are listed in Table C.3-1. A typical weight summary for launching

two satellites in tandem on an Atlas/Agena is given in Table C. 3-2.

*Now part of the Energy Research and Development Administration (ERDA).

C.3-1
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(VELA 1 ILLUSTRATED)

SOLAR PANEL (18)

X-RAY DETECTOR (10)

CENTRAL
CY LINDER
STRUCTURE

EQUIPMENT
SHELF
Y-DETECTOR (6)

Z-DETECTOR
(2)

4 STUB ARRAY
ANTENNA (2)

SOLID ROCKET
(DEPLOYED)

MOTOR
LAUNCH DATES -
# 1801 ADAPTER TO SPIN-UP
1851 - 16 OCT 1963 INTERSTAGE
# 3662
3674 - 17JULY 1964
# ggf’,‘; - 20 JULY 1965
# 6638 CHARACTERISTICS
6679 " 28 APR 1967
# 6909 WIDTH - 58 1IN
6911 23 MAY 1969 HEIGHT - 45 1IN
# 7033 WT (LIFTOFF)- 498 LB
7044 - 8 APR 1970 POWER (BOL) - 99 WATTS
DESIGN LIFE - 6 MO,

BOOSTERS - FLTS 1,2,3 ATLAS/AGENA
FLTS 4,5,6 T-LIC

ORBIT - 606000 NM
38" INCLINATION

Figure C.3-1. Vela Nuclear Detection Program Satellite
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Table C.3-1.

AEC Equipment

Telemetry

e  Data storage unit (2)

® Digital telemetry unit (2)
' Signal conditioner
Communication

° Command decoder (2)

@ Diplexer (2)

®  Receiver (2)

® Transmitter (2)

°® Antennas (2 Ass'ys)

() Coax. cabling and connectors

Electrical Power

Battery and supports (2)

Solar cells, etc.

Solar panels (structure) (18)
Converter - AEC (2)

Converter - transmitter (2)
Converter - DSU and DTU (2)
Monitor and control circuits (2)

Electrical Distribution

) Command distribution unit
() Cabling

Thermal Control

[ ) Molybdenum heat shield
o Jett. fiberglass heat shield

() Insulation, coatings, etc.
Structure

° Central structure and attach.

® Equipment platform and supports
® Framework and detector mounts
Propulsion

° BE-3 engine at burnout

° Engine support structure

Destruct Subsystem Provision

Vela Spacecraft Weight Summary (typical)

- Weight (1b)

13.7
16.3
11.5

22.1

. e, g s bl g

ot il i P o e ik o o sk

98.5
15.2

23.4

69.7

17.8

8.2

41.5

24.5

3.0
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Table C.3-1. Vela Spacecraft Weight Summary (Cont.)

Weight (lb)

Balance Weights 3.0
' Spacecraft Burnout Weight 304.8
! ° Expendables 193.7
° Propellant 190.7
® Inerts 3.0
Spacecraft Gross Weight 498.5

Table C.3-2. Dual Vela Payload Weight Summary

Weight (1b)
® Dual Vela Spacecraft 997.0 (}

Spin Mechanism and Interstage 29.8

Gas

Tank (1)

Nozzles, lines, etc.
Timer, cabling, etc.
Supports and attach.
Interstage (1)
Separation springs
Spacecraft clamps (2)

00000 0690
A SSTUIE, I SRR OIS, VN
oML O

® Agena Interstage 27.0

° Structure 17
o Separation springs 4
® Wiring, hardware, etc. 2
° Spacecraft clamp (1) 3

Agena Payload (Less Fairing) 1,053, 8

C.3.3 Key Events and Milestones

The significant milestones of the Vela program are

summarized in Figure C.3-2 along with on-orbit malfunctions. )

C.3-4
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C.4 LINCOLN EXPERIMENTAL SATELLITES (LES)

Cc.4.1 General Program Summary

The Lincoln Experimental Satellites are part of a program by
MIT Lincoln Laboratory to develop communication satellite techniques, this
program having evolved from earlier work by Lincoln Laboratory in iono-
spheric and tropospheric scatter communications. The basic goals of the

LES program include demonstrations of:

High efficiency, all solid state transmitters
Electronically despun antennas
Communications with small mobile terminals

Techniques for stationkeeping and attitude control

From the beginning of the LES program through 1972, six LES
satellites, all designed and built by Lincoln Laboratory, have been launched.
LES 7 was cancelled. The next satellites in the LES series, numbers 8 and

9, are currently under development by Lincoln Laboratory.

c.4.2 LES 1 and 2

c.4.2.1 Program Summary

LES 1 was launched in February 1965. A failure of the Titan
IIIA left the satellite in the wrong orbit. Limited tests were run which indi-
cated the repeater and the switched antennas were operating properly. The
satellite then entered a tumbling mode which ended its usefulness.

LES 2 was launched on a Titan IIIA in May 1965 and operated
as planned for over a year. After nine months in orbit the transmittter

power was still 200 mW.

Cc.4.2.2 Satellite Description

LES 1 and 2 were essentially identical. The primary equip-
ment was an all solid state X-band repeater and an eight-horn electronically
. switched antenna. The transmitter source was a crystal oscillator and mul-
tiplier chain which was used for upconversion of the signal from IF; the X-

band power was 200 mW.

-
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The eight horns were mounted so as to provide omnidirectional

coverage. Sensors were used to determine the direction of the earth and the

satellite spin rate. Onboard logic then controlled switches to use the antenna

most closely pointed toward the center of the earth. Other details of LES 1
and 2 are given in Table C.4-1.

C.4.3 LES 3 and 4

C.4.3.1 Program Summary

LES 3 and 4 were launched in December 1965 on the same Titan

IIIC booster. Due to a launch vehicle malfunction, the satellites were placed

in an elliptical synchronous transfer orbit. Initially, the orientation of LES 4

was such that only enough power was available for operation of the telemetry

system. Five days after launch the spin axis orientation had changed enough
that power was available for all the satellite systems to operate. From that

time the LES 4 repeater and antenna operated as expected,

€4, 3,2 Sateliite Description

LES 3 did not have a repeater; its purpose was to transmit a
UHF signal for propagation tests. LES 4 had an X-band repeater of a design
similar to LES 2. Improved components significantly lowered the receiver
noise figure and increased the transmitter power.

The LES 4 transmitting antenna was composed of eight horns
uniformly spaced in a plane normal to the satellite spin axis. Sun and earth
sensors and logic circuits controlled the switches to electronic ally despin the
antenna. The difference in antenna design from LES 2 was possible because
LES 4 was intended for use in a synchronous equatorial orbit where coverage
could be reduced to 26° in the north-south plane. LES 4 technical details are
given in Table C.4-2.

C.4.4 LES 5 and 6

C.4.4.1 Program Summary

LES 5 and 6 were built as part of a program to demonstrate

the feasibility of using satellites that operate in the military UHF band

p AT G T IR S DU
b
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x Table C.4-1. LES 1 and 2 Technical Details
{ Satellite
i
i e Polyhedron, about 24 in. each dimension
. 82 1b
® Solar cells, 26 to 33 W initial, no batteries
| e Spin stabilized, 180 rpm
Configuration
f ® 20-MHz-bandwidth triple-conversion repeater
Transmitter
4 ‘ e ~7.8GHz
' ‘ e All solid state
| = . 200 mW output, 115 mW at antenna
; k.,) Receiver

e ~8.3GHz
i e 16 dB noise figure

Antenna

e 8 horns, electronically switched (only one used at a fﬁime)
e Gain~3dB

Orbit
. , . 1500 x 8000 nmi, 32° inclination

Launch Record

¢ LES 1 - Launched 11 February 1965; launch vehicle failure left
satellite in 1500 X 1500 nmi orbit and turibling

¢ LES 2 - Launched 6 May 1965

Developed By

1 ¢ MIT Lincoln Laboratory




1 Table C.4-2. LES 4 Technical Details

Satellite .

| L '0-sided cylinder, 31 in. diameter, 25 in. high

° 116 1b
® Solar cells, 36 W initial minimum

] Spin stabilized, 11 rpm

Confi iguration

° 20-MHz-bandwidth triple-conversion repeater

Transmitter

. ~ 7.8 GHz
° All solid state

™ 230 mW at antenna, 3 dBW ERP

Receiver
. ~ 8.3 GHz
® 9 dB noise figure

3 Antenna

° Transmit: 8 horns electronically switched, 10 dB peak gain, circu-
larly polarized, each horn covered about 26° x 45° of a 26° x 360°
, toroid
t e Receive: biconical horn, 26° x 360°, circularly polarized
‘Orbit
! ® Intended: Synchronous equatorial

e Actual: 105 x 1'8,:' 200 nmi, 26° inclination
1
* ‘ Launch Record

' Launched 21 December 1965

® Launch vehicle failure resulted in wrong orbit and orientation
® By 26 December the orientation changed enough to allow sufficient
solar cell output for operation.
| Developed By

e MIT Lincoln Laboratory

! C.4-4
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(225 to 400 MHz)* for communications to and from small motailé“‘terminals.
Propagation measurements in this band had been made using a previous sat-
ellite in the program, LES 3, which functioned as a simple beacon transmit-
ter. LES 5 and LES 6 are similar in many respects. Of the two satellites,
LES 6 is the more complex and, from the standpoint of the experimental sys-

tems on board, the more interesting.

A Titan IIIC launch vehicle placed LES 5 into a sub-synchronous

‘orbit on 1 July 1967. The orbit had a period of 1316. 1 min and was inclined

to the equatorial plane by 7°. Another Titan IIIC booster placed LES 6 into
a 2.9° inclined synchronous orbit on 26 Septernber 1968. Final adjustment
into stationary orbit was accomplished by use of an onboard cold ammonia

thruster system.

C.4.4.2 Satellite Description

LES 5 and 6 are depicted in Figure C.4-1. Each ie a right
circular cylinder with a flat equipment platform dividing the cylinder near
the midpoint. Above the periphery of this platform is a section called the
view band through which sensors and thrusters view the outside world. Fach
satellite spins about its long axis which is held perpendicular to the orbit plane
by an onboard attitude control system. Physical properties of both satellites
are given in Table C.4-3; their subsystems, experiments, and RF char-
acteristics are summarized in Tables C.4-4 and C.4-5. Extensions beyond
the LES 5 solar panels were required to provide enough length for a set of
cavity -backed slot radiators that constitute half of the circularly polarized
antenna system. On LES 6, this areca was utilized by solar panels to meet
the increased power requirements; the solar array was built in four discrete
cylindrical assemlhies. The sensor view-band height was also increased
from 4 to 6 in. to provide for the large complement of sensors and thrusters.
The number of support struts below the deck was increased from six to eight

and theywere extended to mate with the solar array support fittings to provide

sk
Called UHF, although the standard designation is VHF from 30 to 300 MHz
and UHF from 300 to 3000 MHz.




LES 6 ILLUSTRATED

TELEMETRY CAVITY-BACKED
ANTENNA SLOT ANTENNAS

D1-POLE
ANTENNA
/ (16)
ELECTRONIC
DESPIN

ANTENNA
SYSTEM
(UHF)

SENSOR
VIEW PORT

THRUSTERS

il ELECTRONIC

o\ itk
IN ;ﬁia‘ EQUIPMENT

: i
\)

L]
')

TOROIDAL
AMMONIA
T ANK (2)

PULSE PLASMA

THRUSTERS

SOLAR ARRAY
PANELS (32)

CHAR ACTERISTICS
LAUNCH DATES - DIAMETER - 48 1IN
LES 5 - 1JULY 1967 LENGTH - 66 1IN
LES 6 - 26SEPT 1968 WT (LAUNCH) - 398 LB
POWER (BOL) - 220 WATTS
BOOSTER - T-LIC
ORBIT - SYNC. EQUATORIAL

Figure C.4-1. Lincoln Experimental Satellite (LES 5 and 6)
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Table C.4-3. Physical Properties — LES 5 and 6

LES 5 LES 6
Diameter, in. 48 48
Length, in. 64 66
Weight, 1b
Prime structure 22 29
Equipment 115 256.5
Solar array and antennas 63 82.5
Dispenser assembly 22.5 25,4
Trim weights i 4.7
229.5 398.1
., 1b in.2 72,032 113,766
spin ,
TR et /A
Itransv«arse(max) 1b in. 58, 050 96, 359
Is /It 1.24 1.18
Spin period, sec 5.784 7.353

C.4-17
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Table C.4-4. Subsystems and Experiments — LES 5 and 6

Subsystems

LES 5

LES 6

Telemetry

Command

Solar array

Antenna
despinning

Stationkeeping

Attitude
control

Thrusters

Temperature
controlled
oscillator

100 bps, 8-bit accuracy;
75 channels main frame,
64 channels sub max

32 cmds, 42 bits each
at 0.4 bps

30-V series string,
102-cm N on P cells,
6 -mil cover slide, no
cell contact protection.
136 W max start of life

Experimental logic flown,
no actual switching

None

Autonomous magnetic
stabilization system +2°
accuracy spin axis
orientation

None

None

100 bps, 8-bit accuracy;
62 channels main frame,
168 channels sub max

60 cmds, 47 bits each at
0.4 bps or 6.25 bps

26-V series string, same
cells as LES 5, with cell
contact protection 220 W

max, start of life

Operational electruiic
antenna despinning system

Autonomous synchronous
orbit E-W stationkeeping
+2° accuracy in longitude

LES 5 type mag. stab.
system. Autonomous gas
thruster system, accuracy
variable to ¥0.16°

Cold ammonia gas system
for attitude control and
stationkeeping; experimen-
tal pulsed plasma thruster
for stationkeeping

Dual primary osc111ator s;
temp. control +0.004°C;
frequency drift< 1 x 10~ 2
day long term

C.4-8
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Table C.4-4.

Subsystems and Experiments — LES 5 and 6 (Cont.)

Experiments

LES 5

LES 6

Solar cell
degradation

Radiation
measurement

Earth albedo

RF interference
at UHF

Precision spin
period

5 cells, 2 different types,
measure I__ and V
sc oc

None

None

Measure average RF en-
ergy and peak-to-average
RF energy in 120 kHz
steps from 225 to 280 MHz

None

30 cells, 9 different cell
types, 5 cover slip types;
measure 20-point I-V char-
acteristic each cell vs
time, incidence angle;
measure cover slip degra-
dation vs time

Advanced LES 4 exp't mea-
sure trapped electron
spectrum

5 beams, 0.1°x0.1°, scan
earth; each measures
albedo in 6 spectral bands
from 0.41 to 1.00 pm

Same as LES 5 but from
290 to 315 MHz

Autonomous spin period
measurement

C.4-9




Table C.4-5,

RF Characteristics — LES 5 and 6

. Frequency beacon

Antenna gain (net of filter and
matching losses)

| EIRP (measured in orbit)

l Receiver noise figure

' ! Receiver IF bandwidth
‘ (switchable)

2.5 dB circu-
larly polar-
ized toroidal
pattern

45 W
3.6 dB

100/300 kHz

LES 5 LES 6
Frequency up 255,1 MHz 302.7 MHz
Frequency down 228.2 MHz 249.1 MHz
228.43 MHz 254,14 MHz
Transmitter power 30w 120 w2

9.5 dB circu-
larly polar-
ized, elec-
tronically
despun

890 W
3.6 dB

100/500 kHz

! C.4.4.3

carry the increased payload weight.

Key Milestones and Events

‘ in Figure C.4-2.

- i i AR Y| g i e )
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C.4-10

3Varies with maximum available solar bus power. Power amplifiers
operate in "optimized'' mode, directly from bus.

additional structural rigidity. Some growth capability had been built into the
LES 5 structure and this fact, coupled with a nominal reduction of flight loads

for LES 6, meant that only minor structural modifications were required to

The significant program milestones for LES 5 and 6 are shown
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C.4.4.4 Satellite Orbital Experience

C.4.4.4.1 LES 5 Transponder

e

The LES 5 transponder makes a conventional frequency transla-
tion of the received signal to an intermediate frequency where it is amplified,
limited, and translated again to the transmitting frequency. The signal is
then amplified in a highly efficient solid state chain and fed to the circularly
polarized antenna through a triplexing filter.

Some 8 months after launch, on 18 March 1968, the receiver
sensitivity suddenly displayed a 17-dB decrease as LES 5 emerged from the

earth's shadow. This sensitivity loss was attributed to an open circuit in the

i first RF preamplifier that was brought about as the average temperature of
LES 5 decreased. (LES 5 average temperature is highest in December and
T lowest in June.) This hypothesis was borne out when, on 14 November 1968,
‘ 1 the sensitivity returned to normal. Subsequently, the sensitivity dropped and

recovered in March 1969 and November 1969, respectively. In addition to
the problem with sensitivity, one of the two transponder local oscillators *k...&
(L. O.) exhibited a sudden change in frequency in December of 1968. This

| oscillator had previously exhibited a long term stability of about 3 in 107.
] l ‘ Capacitor s similar to the type used in this L.O. have subsequently been ob-

served to experience an abrupt change in value. Although this may be the

cause, it is not certain. The L.O. offset shows up as a shift in translation
frequency which causes no operational problem to ground users. The sen-
sitivity decrease demands more uplink power from a ground station but in

practice has not hampered the usage of LES 5.

C.4.4.4.2 LES 5 Command System and RFI Experiments

The command system and radio frequency interference (RFI)
experiments on the LES 5 receive timing information from the same source.
Immediately after injection into orbit timing signals were seen to be running
at a rate almost twice normal. This precluded the satellite from accepting

commands and the RFI experiment from stepping frequency at the required

O e R T o 0 = M awon . i
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rate. Seven hours after ejection the problem sptshtaneously cleared up for
some 5 hours and then reappeared. After several months, of mostly abnor-
mal timing, it became clear that the period of normal timing occurred in the
5-hour interval around that point in the LES 5 orbit when it was opposite the
sun. It seems highly likely that the source of the extra pulses is due to an
unsuspected coupling from one of the logic systems which acts on earth-sun
inputs and changes its state at this point in orbit. This event reinforced the

needs for stringent system compatibility tests before launch,

C.4.4.4.3 LES 5 Solar Cell Array

The LES 5 solar cell array was designed to provide power for
a 5-year lifetime on the assumption that degradation caused by trapped radi-

ation would amount to a decrease of no more than 5 percent per year in maxi-

- mum available power. In May 1968, however, the telemetered solar bus volt-

age was seen to have dropped to 22 V from its launch day value of 30 V. This
was the first indication that the LES 5 array was experiencing the same accel-
erated degradation previously reported on other synchronous spacecraft in
early 1968. The best estimate is that the LES 5 array degraded 22 percent

in the first year. Had this rate continued, the RF power amplifiers would
shortly have shown a marked decrease in output power as their dc converters
shut off as a result of low bus voltage.

In addition to difficulties caused by the high degradation rate,
the LES 5 solar array experienced an open circuit in one series-connected
string on a panel. This had the effect of dropping the available power by an
additional 13 percent once per satellite revolution when the affected panel was

illuminated by the sun.

C.4.4.4.4 LES 5 Magnetic Stabilization and Antenna Switch
System

LES 5 carried an autonomous attitude control system to main-
tain its spin axis perpendicular to the orbit plane. Orientation is accomplished

§

by a magnetic torquing system. The in-orbit operation of this system was

C.4-13




degraded by a failure in one of four sun sensors that trigger the switching
action necessary to maintain an inertially fixed magnetic moment. As a re-

sult, while the system corrected attitude errors along one axis, it produced

" small errors along a second, orthogonal axis. In effect this reduced the spin

axis correction rate from the expected value of 3/4°/orbit to about 1/4° /orbit.
The decrease in rate did not affect the ultimate accuracy, and the LES 5 spin
axis was maintained perpendicular to the orbit to within RvissD: 5.y

This sensor failure also affected the experimental antenna
switching logic in that individual sections performed well but the system as
a whole did not work. Sufficient information was obtained from the experiment
to verify that the system could be used on LES 6 and, with change/s to the sun

sensor input logic, such a system was flown.

C.4.4.4.5 , LES 6 Ejection

Immediately after ejection, telemetered information indicated
that LES 6 was not spinning about the expected axis (the symmetry axis of the
cylinder, or Y axis in satellite coordinates). Analysis showed that the satel-
lite Y axis was offset from the angular momentum vector by about 2. 2l
Another anomaly soon became apparent: one entire solar panel (of 32) was
not delivering power. These events are related by the fact that the failed
panel lay in the plane defined by the spin axis and the axis of symmetry.

Review of all factors led to the following conclusion: LES 6
either gained or lost weight sometime before it cleared the launch vehicle;
to explain the in-orbit satellite unbalance, this weight must have been at
least 1 1b. It was further concluded that LES 6 had gained this weight because
overall satellite performance and telemetered information could reveal nothing
missing and no structural parts of sufficient mass could have conceivably
come free. A hypothesis that the offset was there before satellite installation
was ruled out. The dynamic balance procedures before launch would have
detected < 3 percent of the in-orbit offset. (These were repeated on a LES 6

structural qualification model and their accuracy borne out.)
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The resultant spin motion of LES 6 is such that the satellite
equatorial plane appears to "'wobble' £2.2°, as the nominal satellite spin
axis nutates about the angular momentum vector. This limited the opera-

tional use of the autonomous attitude control system.

C.4.4.4.6 LES 6 RF Systems

Two unexpected changes in performance occurred after launch.
The power of the transmitted communications signal varied with satcllite
rotation over a range of 0.9 dB, as a result of a corresponding change’'in
power generated by the solar cells because of the axis tilt and the lack of
power from one panel. The second change was a fortuitous decrease from
the prelaunch measurements of the power generated in the receiver band by
intermodulation between the beacon and communication signals in the com-
mon antenna system. This drop in intermodulation power was sufficient to
permit simultaneous operation of beacon and communication transmitters
with no loss in receiver sensitivity.

The LES 6 beacon and communications signals were chosen
so that only a high-order intermodulation product (15th order) fell in the re-
ceiver passband. Generation of bothersome intermodulation products at low
order had been a problem on LES 5 and it was believed that the higher order
product would be acceptably low in power. This was not the case; sporadic
noise bursts 10 to 15 dB above the receiver noise level were commonly seen

during ground tests. In both satellites, the intermodulation products were

generated in spring finger contacts used at the edges of the slot antenna
cavities behind the solar panels. Extensive efforts to minimize these pro-
ducts before launch were only partially successful. The spontaneous disap-
pearance of intermodulation products in orbit (in both satellites) led to spec-

ulation that some phenomenon such as vacuum welding may have occurred.

C.4.4.4.7 Evaluation of LES 5 and 6 Experience

An annual decrease (from March to November) in LES 5 re-
ceiver sensitivity occurred as a result of an open circuit (caused by temper-

ature changes). This anomaly was overcome by using higher uplink power.
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A timing pulse anomaly also occurred periodically in LES 5 due to coupling
between the logic of satellite subsystems at the point in the orbit when the
satellite was opposite the sun. Both of these anomalies indicated the need for
more thorough testing, the former for testing over the temperature range
expected in orbit and the latter for compatability testing.

A capacitor in LES 5 was suspected of causing local oscillator
frequency change approximately 1-1/2 years after launch. Previous experi-
ence with capacitors of this type had shown similar behavior.

Several design-related problems were experienced on-orbit.
Rapid solar cell degradation in LES 5 was attributed to inadequate radiation
protection. A failure in a sun sensor that caused attitude error in LES 5 was
solved for LES 6 by a logic design change.

The LES satellites ex¥perienced improvement in intermodulation
products from in-plant testing to on-orbit operation. Extensive efforts to
minimize the products on the ground were only 'partially successful. However,
the produc't disappeared on-orbit for both satellites. It was speculated that

some phenomenon such as vacuum welding may have occurred.

Cc.4.5 LES 8 and 9

LES 8 and 9 are the latest” in a series of experimental military

communication satellites developed by the MIT Lincoln Laboratory. They will

E3 S
operate with a variety of fixed and mobile terminals using both UHF and K-band

for uplinks and downlinks. A K-band crosslink between LES 8 and LES 9 will
also be demonstrated. The communications electronics are all solid state.
Two K-band receivers and transmitters are on each satellite, one used with
a horn antenna and the other with an 18-in. parabolic reflector. This allows
simultaneous communication on both up/downlinks and the crosslink. On-

board equipment allows demodulation and remodulation of any signal as well

*The LES 7 satellite was intended to have an all solid state, 100-MHz band-
width, single conversion, X-band repeater. The program was cancelled
before the satellite was built.

** Pransmission frequencies will be between 36 and 38 GHz.
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as routing of signals from any receiver to any transmitter. Additional

details are given in Table C.4-6. ,
LES 8 and 9 are depicted in Fig{Jre C.4-3. Both satellites
are three-axis-stabilized. The body of each satellite is roughly cylindrical.
The K-band antennas are mounted on one end, while two radioisotope ther-
moelectric generators (RTG), stacked one upon the other, are attached to
the other end. The RTGs provide all the electrical power for the satellites;
no solar cells are used. The UHF antenna is mounted to the side of the main
body. LES 8 and 9 will be launched together on a Titan IIIC booster; the

launch is scheduled for the second half of 1975,
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Table C.4-6. LES 8 and 9 Technical Details

Satellite
e ~8501b

e Two radioisotope thermoelectric gencrators, 145 W each
initially, 125 W each after 5 years

e Three-axis stabilization, £0.1° about pitch and roll axes,
$0.6° about yaw axis

Transmitter
° UHF: 240-400 MH7z band
¢ K-band: 36-38 GHz band

Receiver

e UHF: 240-400 MHz band, ~ 4 dB noise figure
e K-band: 36-38 GHz band

Antennas .

e UHF: 3 crossed dipoles on a ground plane, 35° beamwidth,
~ 8 dB gain (edge of earth)

e K-band horn, 10° beamwidth, 25 dB gain (on axis)

e K-band dish, 18 in. paraboloid, 1.15° beamwidth, 42.7 dB gain
(on axis)

Orbit
° Synchronous, 23° inclination
Launch Date

o Late 1975
o Titan IIIC launch vehicle

Developed By

® MIT Lincoln Laboratory

C.4-18
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850 LB
290 WATTS

Figure C.4-3. Lincoln Experimental Satellite (LES 8 and 9)




C.5 DEFENSE METEOROLOGICAL SATELLITE
PROGRAM (DMSP)

C.5.1 Program Summary

The various DMSP models have been designed and fabricated
by the RCA Astro Electronics Division at its facility in Princeton, New
Jersey. The contracts have been under the direction of the Air Force Space
and Missile Systems Organization (SAMSO).

Subsequent to the launch and operation of early models, the
first Block 5 satellite was launched on a Thor booster from the Western Test
Range in February 1970. Eight additional Block 5A, 5B, and 5C satellites
were placed in orbit during the period 1970 through 1974. On-orbit operation
of these satellites was conducted for periods of 3 months to 2 years. In 1972,
design of the Block 5D configuration was initiated. The first satellite of this
design will be launched in late 1975 into a high inclination orbit at 450 nmi
altitude.

C.5.2 Satellite Description

The general characteristics of the DMSP satellite {Block 5D)
are shown in Figure C.5-1. Additional details on the Block 5B/C and 5D

satellites and their subsystems are given below.

C.5.2.1 Block 5B/C Satellite

The Block 5B/C satellite is a three-axis-stabilized vehicle
employing a primary sensor package that remains earth-oriented throughout
the orbit (nominally "looking' along the local vertical) as weli as one or more
secondary sensor packages that ""look" in various directions relative to the
vehicle coordinate system, depending upon the specific data-gathering require-
ments of each. The total in-orbit satellite weight is approximately 430 1b; of
this, approximately 340 1b is allocated to the spacecraft and 90 1b to the sensor
packages, which are supplied as government-furnished equipment (GFE).

The primary sensor is a scanning radiometer designed to

simultaneously collect both visual and infrared imagery of terrestrial scenes

C.5-1
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(BLOCK 5D SATELLITE ILLUSTRATED)
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WIDTH (ASCENT) - 65 IN
LAUNCH DATE - LATE 1975 WIDTH (DEPLOYED)- 16 ET

HT (OVERALL) - 10 FT
WEIGHT - 5272 LB
BOOSTER - THOR /5D STAGE POWER (BOL) - 900WATTS
ORBIT - 450 NM DESIGN LIFE ~2 1/2 YEARS
98.7 INCLINATION

Figure C.5-1. Defense Meteorological Satellite Program (DMSP)
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; from a nominal altitude of 450 nmi. It senses radiation continuously both
day and night in two spectral intervals by two pairs of detectors. Both of
the infrared and one of the visible- spectrum detectors are designed to oper-
ate with both day and night illumination conditions. The second visible-

i spectrum detector, which senses very-high-resolution data, is designed to
operate only on or near the daylight side of the day-night terminator.

: The satellite is stabilized by a three-axis attitude control
system that employs a rotating flywheel for satellite stabilization about the
pitch axis. Flywheel momentum and satellite roll/yaw attitude are main-
tained by magnetic control coils mounted in the solar array '"hat." Except

for the flywheel, the satellite, including the spin and attitude control coils

located inside the solar array hat, rotates at one revolution per orbit to
maintain earth orientation with the pPrimary sensor and the data transmission
| antenna located on the earth-facing side.
A structural baseplate supports all components and transmits
E | stresses to a three-point booster mounting system. A 12-sided solar array
i~ "hat" covers the electronic components (except for the primary sensor unit
and selected secondary sensor units) and provides mounting surfaces for the
solar cells, which are the main source of power. The primary sensor pack-
age and the S-band antennas are located on the earth-oriented side of the hat,
The flywheel and pitch sensor are located on the underside of the baseplate.
' The spacecraft is dfasigned to support the data-acquisition

functions of the GFE sensor packages. To fulfill this function, the spacecraft

; comprises eight functional subsystems:
| a. Primary and secondary data-processing subsystems;
b. Communications suksystem;
c. Attitude control and vehicle dynamics subsystem;
; : d. Controls subsystem;
v e. Power subsystem;
| fi Structure; and
| g. Thermal control,
"
C.5-3
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Co5e8u i g Primary and Secondary Data Processing ;
Subsystems k

The primary and secondary data-processing subsystems
process all data signals from the payload (primary and secondary packages)
for real-time and/or remote transmission to ground stations. For real-time
transmission, the processing consists of converting the primary payload data
signals to a digital format, encrypting the digital data if desired, phase-shift-

modulating the data, and transmitting the modulated signal to the ground sta-

R o )

tions via an S-band antenna. Primary payload data, together with associated
flutter and sync signals, are processed and transmitted simultaneously.
To perform their functions, the primary and secondary data

processing subsystems include three magnetic tape recorders, a five-channel

frequency-multiplexer, a secondary subcarrier oscillator, units for analog-
to-digital conversion and formatting, encryption equipment, a solid-state
S-band transmitter, a modulator-driver unit/traveling wave tube amplifier

(TWTA) transmitter, and two S-band antennas.

€. 520 2 Communications Subsystem

The communications subsystem provides all communications
(except primary and secondary data) to and from the satellite. Specifically,

this comprises a command channel and a tracking and telemetry channel.

The command channel consists of a VHF antenna and a receiver-
demodulator unit. The antenna is made up of four monopole elements attached
to the underside of the baseplate. The receiver is an AM type that detects the :
subcarrier containing the command messages. The subcarrier is then demod- i
ulated to recover the frequency-shift-keyed commands. The resulting digital
signals are supplied to the controls subsystem, which interprets them as

addresses, commands, or data.

The tracking and telemetry channel furnishes an RF carrier,
in the UHF band, that is used by the ground stations to track the satellite. A
single whip antenna attached to the top of the solar array hat radiates this

carrier, which is generated by the tracking/acquisition transmitter.

C.5-4
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G52, 1% 3 Attitude Control and Vehicle Dynamics
Subsystem

The attitude control and vehicle dynamics subsystem includes

all equipment for attitude control, nutation control, and pitch stabilization.
The payload is the primary source of attitude data; however, pitch sensor data
can be used, with lower accuracy. The Block 5B/C satellite includes a three-
axis stabilization system in which the satellite is spin-stabilized by a flywheel
rotating at 150 rpm. The remainder of the satellite is "spun' at one rotation
per orbit to earth-orient the sensor.

Nutation is controlled by a passive liquid damper, and attitude
(roll and yaw) is controlled magnetically by two magnetic bias coils (each)
associated with a 12-position switch by which coil current can be varied) and
by an attitude control coil. Pitch-axis control is provided by a servo system
motor that exerts a torque between the flywheel and the body of the satellite.

A coil is provided to exert, by interaction with the earth's
magnetic field, a torque on the satellite body. This torque is used, when
required, to replace angular momentum which is lost due to hysteresis, eddy

currents, etc.

C.5.2.1.4 Controls Subsystem

The controls subsystem contains the logic associated with
receiving and executing commands and stored programs, and also the cir-
cuitry required to generate timing and control signals that govern the proper
functioning of all other satellite components.

Commands and program data are received from the command

receiver-demodulator as digital signals. A high degree of rejection is pro-

vided against the spacecraft accepting extraneous signals as commands. An
address code is provided to guard against accepting commands intended for
another spacecraft.

Commands may be sent in real time for immediate execution,
or they may be sent, together with time tags, as program data to be stored
in the main memory for execution at a later time. Up to 128 commands may

be stored.
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Two additional memory units are provided. The first of these :
is the orbit memory, which normally contains a small set of control com- 4
mands (up to 31) executed once each orbit. The second is the data memory,
which contains 184 decimal digits of data in BCD format. The stored data 1
are read out, together with the primary sensor data, in the satellite's direct
readout modes. These data may be used to provide data users in remote

locations with information on the satellite ephemeris or other pertinent data.

i T i s Tl e

The controls subsystem also contains a timing chain that pro-
vides all the timing for internal operations and also for a number of other

components such as the sensors and the recorders. :

Eh5 120 195 Power Subsystem

The power subsystem provides all electrical power, both regu- !

lated and unregulated, for satellite operation. The primary power source is
a solar cell array mounted to the top and 11 of the 12 sides of the '"hat'" struc-
ture. During the daytime portions of the orbit, the array output power is
divided between the satellite loads and the battery and its charge control sys- Q 1
tem, with any excess going to the shunt dissipator. During the night portions
of the orbit, power for satellite operation is furnished from a 15-cell NiCd

battery. The battery also furnishes power to augment the solar array output

during peak load periods.

C.5.2.1.6 Structure Subsystem

The structure subsystem includes the baseplate, the solar
array structure, the separation system, and all of the various brackets and
mechanical devices needed for component mounting. The baseplate (the pri-
mary load-carrying structure) is a flat circular platform of 52 in. diameter,
machined from a magnesium forging. The solar array structure is a 12-

sided tapered polyhedron fabricated from aluminum honeycomb with aluminum

skins,

C .5 2. 7 Thermal Control

Satellite thermal control is achieved by a combination of pas-

sive and active techniques. Heat flow between the inside surfaces of the solar

C.5-6




array structure and the components mounted atop the baseplate is minimized
| ; by an aluminized Mylar mirror stretching across the structure above the
components and by insulating blankets. The external surfaces of the solar
array structure are finished (except for the solar cells) to act as a heat ra-

diator, and the array structure is thermally decoupled from the baseplate.

e T < it Al ol s g e Rl iy

In addition, thermal blankets surround the GFE sensors. ]
Active thermal control is provided by a group of louvers located :
in the annular area between the flywheel and the baseplate periphery. Each g‘
louver is a '"sandwich'" of aluminized Mylar 'skins" bonded to a polyurethane
foam center, and is opened and closed automatically by a bimetallic spring

l mounted to the baseplate.

CE5y2: 2 Block 5D Satellite

The spacecraft (see Figure C.5-1) features virtually complete

""hands off' operation, utilizing redundant CMOS (complementary metal oxide
semiconductor) data processors to achieve precise automatic command and
42 control of all spacecraft functions, including high-accuracy attitude deter-
- mination and control for accurate sensor ''pointing." A probability of sur-

vival of approximately 0.8 over the mission design life of 2-1/2 years is achieved

.,__
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by selective redundancy, with antomatic switchover in the event of a failure.

A wide variety of GFE sensors are carried aboard the space-

craft to produce high-quality visible and infrared cloud cover imagery as well

as vertical temperature profile measurements. Selected areas of-the earth

can be viewed with a resolution of 0.3 nmi in both the visible and infrared

SEEEUSVESURISSRSERI SR SR SO

spectra. For complete global coverage, 1.5-nmi-resolution visual and infra-

red imagery can be obtained by the onboard primary sensors. The special

sensor complement can be varied according to specific needs for each satel-

lite, including such sensors as a vertical temperature profile sounder. Imag-

ery and secondary data can be stored on recorders for delayed transmission

or relayed directly to dai» acquisition centers via the spacecraft data

i transmitters.

Additional details on major satellite subsystems are given

4 below,
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© 25020 25 Structure

A 10-ft magnesium and aluminum structure serves as the fixed
surface for mounting and connecting components and for linking the spacecxaft
to the second stage. It has been designed especially to withstand launch, as-
cent, and orbital environments, and to maintain alignment accuracy.

The primary sensor and other components requiring high-
accuracy alignment are mounted to the Precision Mounting Platform (PMP).
It consists of an aluminum ''egg-crate' structure measuring 40 by 28 by
2-3/4 in, Designed to support 200 1lb, the platform is attached to the Equip-
ment Support Module by two ball-joint supports at the base, and two thin-wall
aluminum struts with ball-joint mountings at each end.

Mounted to the Equipment Support Module (ESM) are the S-band
turnstile antennas, portions of the GFE sensor payload, and various electronic
compenents. The sensors and antennas are attached to an earth-facing panel;
the electronic components are located on the inner surfaces. The polygon-
shaped module frame is covered by bonded honeycomb aluminum panels. The
module frame is 39 in. high and fits inside a 44-in. -diameter cylinder. An
aluminum truss that connects the module to the Reaction Control Equipment
Support Structure is 21 in. high.

The cylindrical Reaction Control Equipment Support Structure
(RSS) houses the third-stage motor as well as supporting the reaction control
equipment on its outer periphery. The battery packs and battery charge
assembly, together with their thermal controllers, the solar array boom,

and the S-band quadrifilar antennas are also mounted on the RSS.

€ i5=2% 252 Reaction Control

The reaction control equipment (RCE), a pressurized nitrogen
and hydrazine system, provides three-axis steering following booster separa-
tion. It consists of four spherical titanium propellant tanks, two of which
contain 4.6 1b of nitrogen and the other two, 32.5 1lb of hydrazine. These
tanks feed two pairs of hydrazine thrusters, each with the capability of gen-
erating either 55 or 165 1b of thrust, and eight nitrogen thrusters, each gen-

erating 2 1b of thrust.
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ENGEE Y23 Thermal Control

Both active and passive thermal control are employed to
maintain correct temperature of all components and electronics. One of
two types of active thermal control employs pinwheel.- like louvers, seven of
which are located on the ESM. Each consists of a four-section louver blade
rotating on a bimetallic coil. The fiberglase blade is covered by aluminized
Kapton film. The second type of active thermal control uses rectangular-
shaped louvers that are made of Urethane foam covered by aluminized Kapton
film and reinforced with fiberglass quill.

Various finishes, materials, blankets, and shields are em-

ployed for passive control.

@©r51a 25254 Attitude Determination and Control

An accurate (better than 0, 1°), three-axis attitude deter-
mination and control subsystem permits precise pointing of the sensor pay-
load located on the PMP. Three onboard orthogonal gyroscopes measure
short term changes in attitude. A star sensor provides the data necessary
to compensate for gyro drift. An onboard processor stores ephemeris data
and computes the satellite attitude. To enhance pointing accuracy, extensive
star catalogs and ephemeris tables are periodically transmitted to the space-
craft from the grcund. A back-up gyroscope is available in the event of fail-
ure of any of the other three. Attitude control is provided by three reaction
wheels in an active closed-loop configuration (with a fourth for back-up) and
by magnetic coils for unloading excess momentum.

In the event of failure of the inertial measurement unit (IMU)
or star sensor on the primary system, lower accuracy (better than 0, 2°%)
three-axis attitude determination and control is available. It is provided by
earth horizon and sun position sensors., When the primary system is working
normally, the back-up sensors operate in the monitoring mode and represent

an additional data source.

C.5-9
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@5 5.2; 2.5 Power

A deployable, coplanar, sﬁn-tracking solar array (SA), canted
at 28° to the spacecraft pitch axis, provides power when the spacecraft is in
sunlight, The eight-panel honeycomb array is covered with 10,560 silicon
solar cells. The array delivers at least 325 W (worst case, end of life). The
eight panels, each measuring 2 by 6 ft, are connected by spring-loaded lock- ,
ing hinges to give a total array area 6 by 16 ft, |

A 17-cell rechargeable NiCd battery, rated at 30 A-hr, pro-
vides power at night and during peak daylight loads. The 1.25-V cells are

connected in series to produce a nominal 21,25 V,

C:.5.2.2.6 Communications and Telemetry

The communications subsystem includes five S-band spacecraft-
to-ground links, three for data, two for telemetry, and an S-band ground-to-

- spacecraft command link. Separate antennas are provided for each link. The

telemetry links can also be used as back-up for the data links if necessary.
The telemetry subsystem has 256 analdg channels and 160 bi-level discrete 9 ’
channels,

Each data link includes an S-band transmitter, filter, and S-
band dipole anteuna for PM transmission of digital NRZ data at 1.024, 1.3312,
or 2.6624 Mbps. The high-power link provides RF power of 11 W at 2267.5
MHz; the low-power link and direct data link each provide 5.5 W RF output at
2207.5 MHz and 2252.5 MHz, respectively. Minimum power at ground station
antenna is -133 dBm for the low power and direct data links,

Each telemetry link includes a transmitter, filter, and antenna
for FM or PM transmission of analog data or bi-phase digital data at 2 or 10
kbps in orbit (60 kbps during ascent). Either link can be used as a back-up

for either the low-power or direct data links at full data rates. The transmit--

ters and filters are essentially identical to the data link units. One of the two

antennas is also identical to those of the data links; the second is a quadrifilar

B o i o T P ——

é i pair that gives an omni-directional, right-hand circular polarized pattern.
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Minimum power at the ground station is -152 dBm for either link. During
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ascent, telemetry data are processed at 60 kbps. In orbit, telemetry speed
is selectable at 2 kbps (slow PCM) or 10 kbps (fast PCM).

The SGLS-compatible command link operates at 1791. 748 MHz.
It includes an omnidirectional quadrifilar pair antenna, a filter network, and
a fully redundant receiver-demodulator unit (RDU). The command data are

frequency-modulated at 1 kbps.

Crib, 242 Command and Control

The all-digital command and control subsystem provides
guidance signals during ascent, and controls the spacecraft attitude and
operating modes while in orbit. On-orbit control may be handled by com-
mands and data from the ground or from other on-board subsystems. The
system includes redundant central processing units (one containing the as-
cent load program during ascent), a high stability redundant oscillator, and

interface circuitry.

© 53 Key Events and Milestones

Significant milestones of the DMSP satellites are given in
Figure C.5-2. ‘Major on-orbit malfunctions for Block 5A/C and 5B/C space-

craft are also indicated.

C.r.4 On-Orbit Malfunctions

A summary of malfunctions experienced on the Block 5B/C

satellites is given in Table C.5-1.
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C.6 INITIAL DEFENSE COMMUNICATIONS SATELLITE
PROGRAM (IDCSP)

C.6.1 Program Summary

The IDCSP satellites were designed and fabricated by the
Space and Reentry Systems Division of the Philco-Ford Corporation at
Palo Alto, California. The program was under the direction of the Air Force
Space and Missile Systems Organization (SAMSO) with General Systems
Engineering/Technical Direction performed by The Aerospace Corporation.

The IDCSP Initial Definition Phase started in 1962 and the
production contract in October of 1964. Five launches placed four sets of
satellites in sub-synchronous, nearly equatorial orbit; the second set was
lost when the launch vehicle fairing failed. The IDCSP satellites were placed
in orbit (along with other experimental satellites in several instances) by
Titan IIIC boosters as follows:

Launch Number of IDCSP
Date Spacecraft/ Launch

6/66
1/67
7/67
6/68

oo W 0 =

C.6.2 Satellite Description

An overview of the satellite is shown in Figure C.6-1. The

major items comprising the satellite subsystems are listed in Table C.6-1.

C.6.3 Key Milestones and Events

The significant program milestones are shown in Fig-
ure C.6-2, which also lists the most significant malfunctions that occurred
during IDCSP orbital operations. This information was obtained from
References C.6-1 and C.6-2.
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COMMUNICATIONS
SOLAR ANTENNA

SPIN
NOZZLE
EQUIPMENT
MOUNTING
PANELS |
9
TELEMETRY
ANTENNA
N, SPIN-UP TANK
LAUNCH DATES
#1-7 - 16 JUNE 1966 CHARACTERISTICS
#8-15 - 18 TAN 1967
#16-18 - 1 JULY 1967 DIAMETER - 36 IN
#19-26 - 13 JUNE 1968 HEIGHT - 321N
WEIGHT - 160 LB
¢ POWER (BOL) - 40 WATTS
BOGYTRE is o FCTARLING : DESIGN LIFE - 1.5 YEARS
ORBIT - 18,000 NM EQUATORIAL

’

Figure C.6-1. Initial Defense Communications Satellite
Program (IDCSP)
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General

Structure

Table C.6-1. IDCSP Satellite Description

Polyhedron spinner (150 rpm)

36 in. diameter by 32 in. high

100 1b

1.5 year MTTF

Nitrogen feq :y‘flnﬂ-up jets (one time)
Passive theal control

e

Central cylinder
Frame

Frame to cylinder panels

Electrical Power

Body-mounted solar array (8000 cells)
40 W BOL power
No batteries

Distribution and power control circuitry

Communications Subsystem

Telemetry

Timer

One double-conversion repeater (20 MHz bandwidth)
X-band frequency

Two redundant TWTs (3 W)

7 dBW ERP maximum

Two fixed biconical horn antennas (1 transmit, 1 receive)

Redundancy control unit (for automatic switching to re-
dundant TWTA)

Telemetry generator
Transmitter (UHF)
San angle sensor
Antenna

6-year timer (-0, +6 mo)
Shutoff comm. and TLM

C.6-3
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C.6.4 On-Orbit Satellite Experience

Failures in the X-band transponder up-converters were
attributed to a blind tuning screw set too close to the inner conductor,
resulting in an RF short when subjected to thermally induced mechanical
distortion. This problem was avoided in the last launch satellites by tighter
process controls that guaranteed an adequate gap through use of gauges.

Premature switching of TWTAs was attributed to open printed
circuit paths in the Redundancy Control Unit (RCU). This problem was
chronic in the last launch of satellites and is thought to be related to the
many instances of intermittency ranging from a few hours to many months.
Most of these intermittencies occurred during or after eclipse periods or
near the winter solstice, indicating thermal stress as the most likely forc-
ing function. Susceptibility to the thermal stressing was thought to be intro-
duced by a multilayer printed circuit mother board assembly problem.
Assembly jigs and tooling used on the last launch of satellites were quite
worn from previous use, resulting in misalignment of many of the 1200 pins
that penetrated one or more of the five layers. Thus, mechanical stresses
were built in during assembly and aggravated later by thermally induced
stresses.

The several early telemetry failures were also attributed to
a thermal stressing problem in the Power Control Unit (PCU) multilayer

mother board.

On-orbit malfunctions of IDCSP satellites are summarized
-
in Tables C. 6-2 through C. 6-5.
)

TNote: in the TWTA column of these tables, I signifies primary and R
redundant; the TWTA manufacturers are also indicated, WJ for Watkins-
Johnson and E for Eimac (Varian).

e

C.6-5
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| TACTICAL COMMUNICATIONS SATELLITE (TACSAT)

Ee ] Program Summary

TACSAT was designed and fabricated by the Space and Communi-
cations Group, Hughes Aircraft Company, at its El Segundo, California facility. :
This activity was under the direction of the Air Force Space and Missile Systems
Organization (SAMSO). The Aerospace Corporation was the General Systems
Engineering/Technical Direction contractor.

The TACSAT contract [AF04(695)-1047] was granted go-ahead

on 11 January 1967, culminating in the satellite launch from Cape Kennedy on

9 February 1969. The satellite was placed in synchronous orbit by a Titan IIIC
booster. On-orbit operations were provided by the satellite for 3 years and

10 months. During the first days of December 1972 the satellite's despin

motor torque degraded, and the satellite settled into a flat spin. Operations
were terminated on 4 December 1972. An attempt to recover operations was
made in June 1973, and although despin capability was reestablished for several

hours, sustained control could not be effected."

(/02 Satellite Description

Figure C,7-1 presents a brief description of TACSAT. The

major items coruprising the satellite subsystems are listed in Table C.7-1.

Cri3 Key Milestones and Events

The significant program milestones are shown in Figure C.7-2.
The figure also lists the most significant malfunctions that occurred during
TACSAT orbital operations. This information was obtained from the Program
Orbital Status Reports, References C.7-1 through C.7-19, and is presented in
an abbreviated formn in Table C 7-2. The satellite subsystems that performed
without malfunction are listed in Table C. 7-3.
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Figure C.7-1. Tactical Communications Satellite (TACSAT)
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Table C.7-1. TACSAT Subsystem Description

Structure
° Cylindrical solar panel substructures (2)
) Spinning cone inner structure with spin bearing support (54 rpm)
® Despun equipment platform and antennas

Orbit and Attit.ude Control

) Reaction control

° HZOZ propellant tanks (4)

e Axial jets (2), radial jets (2)
° Jet control electronics (JCE)
° Attitude determination
° Earth sensors (2), sun sensor (all sensors with dual heads)
] Ground computation of attitude
Despin/Dynamics
o ° Despin control electronics (DECEL) redundant units

[ Bearing and power transfer assembly (BAPTA)
° Despin torque motor

® Nutation damper

Electrical Power

L] Solar arrays - forward and aft cylindrical panels (spun)

° Batteries - NiCd (3), each 6 A-hr

° Power conditioning - battery controllers (3)
° Voltage limiters (10)
° Current sensors (5)

] Distribution - primary and secondary buses

Telemetry, Tracking, and Command

L S-band telemetry and command - SGLS compatible
[ Despun omni antenna
° Redundant command receivers plus 4 decoders

(cross-strapped)

° Redundant TLM encoders (4) - automatic switching

C.7-3
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I Table C.7-1. TACSAT Subsystem Description (Cont.)

Thermal Control

o Passive thermal control
. Forward sunshield
k ! ° Aft thermal barrier
1 [ Thermal design for equipment power dis sipation

| Repeater Subsystem

! o Multiple channels, 50 kHz to 10 MHz bandwidths
[} Capacity - nominally equivalent to 20, 000 telephone circuits
with standard Intelsat ground stations.
) ] UHF - About 40 vocoded voice or several hundred
? teletype circuits to a terminal with 0 dB
i antenna gain
{ ° SHF - About 40 vocoded voice or 700 teletype circuits

to a terminal with 3 ft, antenna

° Antenna

[} UHF - 5 bifilar helices, 17.1 dB transmit gain peak,

17.6 dB receive gain peak

° SHF - Trans ait: horn, 18.4 dB gain peak, 19° beamwidth
- Receive: horn, 19.3 dB gain peak, 17° beamwidth
° Transmitters - 249.6 and 7257.5 MHz
[} UHF - Solid state, 16 parallel amplifiers, nominal 13 on
° SHF - 3 TWTs, 2 on at a time
° Receivers - 303.4, 307.5, and 7982.5 MHz
(] UHF - Transistor amplifiers, 3.7 dB noise figure

[} SHF - Tunnel diode preamp, 6.9 dB noise figure
L]

C.7-4
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C.7.4 Satellite Orbital Experience

From some 25 itemized malfunctions given in Table C.7-2 the

majority were categorized as anomalies with little or no impact on the mission.

However, eight events were identified as significant malfunctions in terms of

failed equipment or events having a deleterious effect on mission performance.

As shown on Figure C.7-2, three failures concerned the Despin/

Dynamics Subsystem, three were in the Telemetry and Command Subsystem,

and two were related to the Communications Repeater Subsystem.

The history of TACSAT was evaluated by the SAMSO Program

Review Board in 1972 and the findings are presented in References C.7-20

through C.7-22. A brief recapitulation of those findings is given below.

G ofaad,. Mechanical Malfunctions

The TACSAT nutation was attributed to the Attitude Control
Subsystem at the component level and involved the dynamics of the despin

bearing. The Design, Test and Human/Procedural Working Group concluded

that the problem was very subtle, encompassing both the design concept and
its implementation.

Tests adequate to explore the problem could have provided
prior knowledge of the design interactions,

but it was considered that, because
of the complexity involved, it was unlikely the problem could have been
anticipated.

The group's comments on deployable devices stated that force
and torque margin requirements are related to the sufficiency of the analysis

in properly considering all of the factors involved in the determination of both
design loads and driving capability.

It is not always possible to get valid test
verification because of the difficulty in obtaining a representative simulation

of the actual operating conditions. Since large margins for these devices are

often obtainable with little or no system penalty, the criterion should not be

standardized to a constant factor, such as is done for structural margins,
Rather, margins should be established for each device based on a tradeoff

study which considers design uncertainties, risk, and system penalties., It

Was recommended that the statement of work in future contracts should




include the following requirements for mechanical or deployable devices:
a. Tradeoff to establish penalties with increasing force/
torque margins

b. Analysis for both load and driving capability based on
worst case combined conditions

C: Design consideration given to anomalies/failure conditions
d. Specified margin demonstrated by test, based on
worst-case flight conditions
Specific design recommendations from the TACSAT Program
Office applicable to Intelsat IV were to redesign the bearing assembly to
eliminate viscous damping on the spinning side of the interface and install a
more efficient nutation damper on the platform.
The UHF antenna problem was investigated by means of analyses,
} breadboard tests, on-orbit measurements, and scale model measurements. No
failure mode due to design deficiency was identified and it was suspected that
l damage to the antenna may have been caused by a collision with space debris

such as a micrometeorite.

C.7.4.2 Electronic Malfunctions

In the cases of electronic equipment malfunctions, the Quality

Assurance Working Group of the Program Review Board performed an audit of

MRS ET IR et T

the contractor's facility and concluded that workmanship problems could have
contributed to the on-orbit failures. It was recommended that hardware audits
be used by the System Program Office and the contractor to evaluate the
adequacy of workmanship, process control, and package design. A brief

summary of the findings of that group is as follows:

a. Despin Electronics Control (DECEL) - The DECEL #1 failure
was considered to be a thermally induced problem in the
electronic shaft angle encoder (ESAE) causing the circuitry
to saturate at its upper level. A large variety of open or
short type component or interconnection failures in the ESAE
could cause this saturation. The potential problems were
isolated to the digital and analog A3 and A4 boards,

| respectively.

i { C.7-11




Time did not permit an in-depth analysis of contractor
build, test, and failure data, but review of contractor
reports indicated that the contractor had accomplished

an in-depth analysis. The report and discussions with

the contractor indicated that the boards had been sub-
jected to cleaning operations that had not been performed
satisfactorily, resulting in damage to components mounted
! on the printed circuit boards and broken or bent leads.

E Some of these boards, which were considered substandard,
] were flown. The contractor did not believe that this was

' contributory to the on-orbit problem.

e e d

| A spare DECEL unit was provided and disassembled and
; inspected by the subgroup team. In particular, boards
. i A3, A7, and A16 were examined. Workmanship problems

4 relating to lack of stress relief of component leads and
variation in amount of tinning on leads was evident. In

5 some cases, gold-plated leads appeared to have no tinning.
| - 'Some integrated circuits had tinning on the assembly leads
that touched the case. Other portions of this assembly had
dense packaging arrangements that made inspection difficult
| and unsatisfactorily routed wires that could cause shorts

§ due to cold flow of insulation. Time did not permit exami- £y
nation of records to determine adequancy of manufacturing/ s
inspection planning, but the discrepancies cited above
suggest lack of control during the lead tinning operation.

e

‘ b. TWTA Anomaly - A review of the telemetry data between
March and September 1969 indicates a gradual decline in
SHF power monitor reading of about 0.5 dB. Whether this
was anactualdecrease or long-term drift in the power
monitor /telemetry system is somewhat uncertain. However,
| measurements of spacecraft ERP at Camp Parks are con-
sistent with an ERP decrease of the same magnitude, although
a data scatter of about 1 dB obscures that conclusion.

g

The apparent problem with TWTA 2 prompted a review of
acceptance test data on that component. The only anomaly

is a tendency to higher-than-normal helix current at high
temperature, e.g., 140°F. This condition as tested would
not affect operation. However, if the condition worsened with
time or became more temperature sensitive, the increased
helix current could interact with the power supply to change

i cathode voltages and, hence, the phase shift characteristic

of the tube. To produce a loss of power of 1.5 dB over
nominal, a voltage change of abont 40 V would be required.

G 0 Sy W s
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A review of other possibilities indicates that phase shift

is the most likely explanation of the problem; however, a

definitive solution does not appear possible with the avail-

able data. Discussion with the Hughes engineering personnel
indicates the phase shift problem is most likely caused by

a part failure in the power supply.

MIL-Q-9858A was the basis for the quality requirements for
the contract, AF04(695)-1047. Workmanship standards were in accordance
with Hughes Aerospace Group stand=rds. A contractual quality assur-
ance plan CPD 28721400 was on contract and approved by the SPO. ECP 013
dated 10 May 1969 changed the plan to conform to Hughes established proce-
dures and was revised and approved by the SPO. The quality plan was satis-
factory for the implementation of MIL-Q-9858A,

The findings of the group were that inadequate workmanship
existed on the printed circuit assemblies and that substandard material was
used for flight. It was concluded that the workmanship problems could have
contributed to the on-orbit failure of the DECEL, that the contractor's
inspection was inadequate, and that process control for lead tinning also was
inadequate.

The particular events of ground test malfunctions given in
Table C.7-4 do not appear to relate directly to the on-orbit malfunctions
previously discussed. However, the consequences cf not detecting the faults
cited would have had a major impact on the mission in one case, and a some-
what less deleterious effect in the other two cases. There may have been
some correlation between the instance of tightened wireclamps and the fore-
going discussion of detail procedures at the launch base. In that particular

case, the value of a final verification test after mating to the booster was

demonstrated.

C.7-13
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C.8 SKYNET I/NATO II COMMUNICATIONS SATELLITES

Cc.8.1 Program Summary

The Skynet I and NATO II spacecraft were designed and
fabricated by the Space and Re-Entry Systems Division of the Philco-Ford
Corporation of Palo Alto, California. The program was under the direction
of the Air Force Space and Missile Systems Organization (SAMSO) with
General Systems Engineering/Technical Direction performed by The Aero-
space Corporation.

The Skynet I contract was granted go-ahead in March 1967,
culminating in the launch of the first of two satellites on a Thor-Delta booster
on 24 November 1969 and the second on 19 September 1970. The Thor-Delta
placed the satellites in 100 by 19, 300 nmi transfer orbits with synchronous
equatorial orbit attained by the satellite apogee boost motor. The first
satellite (SK-IA) operated until November of 1971 when the second, of two,
TWTAs failed and the spacecraft could no longer perform its communications
mission. The second satellite (SK-IB) was lost during burn of the apogee
boost motor in the transition from the transfer orbit to synchronous orbit.

The NATO II contract started on 3 April 1968, culminating in
the launch of the first of two satellites on 20 March 1970 and the second on
2 February 1971. The Thor-Delta was also used for these launches. The
first satellite operated until April of 1972 when the second TWTA failed and

communications were lost. The second satellite is still operational.

C.8.2 Satellite Design

The Skynet I and NATO II satellites were identical with the ex-
ception of slight differences in the X-band antenna beam shape and the power
split between the 2 and 20 MHz channels. The satellites are depicted in
Figures C.8-1 and C.8-2. The major items comprising the satellite sub-
systems are listed in Table C. 8-1.

C.8.3 Key Events and Milestones

The significant program milestones are shown in Figures C.8-3

and C. 8-4, which also list the most significant malfunctions that occurred

C.8-1
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Figure C.8-1. Skynet I Communications Satellite
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NATOIIB - 3 FEB 1971 WT, (LIFTOFF) - 535 LB

POWER (BOL) - 113 WATTS

BOOSTER - THOR DELTA DESIGN LIFE - 3 YEARS
ORBIT - SYNC, EQUATORIAL

Figure C.8-2. NATO II Communications Satellite




Table C.8-1. Skynet I/NATO II Subsystem Description

General

Cylindrical spinner

54 in. diameter by 62 in. length

Launch weight - 535 1b, on-orbit - 285 1b
MTTF of 3 years

Apogee boost motor (ABM) for final orbit insertion
Structure

e Central cylinder, truss, and equipment panels
Spinning structure/despun X-band antenna

2 Solar panels mounted on structure

Thermal Control

& Passive

4 Fore and aft thermal blankets

Communications Subsystem

* Double -conversion redundant transponders (2- and 20-MHz
bandwidth)

X-band frequency
Two redundant TWTs (3.5 W)
Mechanically despun antenna

2 Skynet - earth coverage

= NATO - Northern Hemisphere from U.S. to Turkey

X-band beacon

Apogee Boost Motor

® Solid propellant

Thrust - 4500 1b

Fired by grcund command




\.J

Table C.8-1. Skynet I/NATO II Subsystem Description (Cont.)

Orbit and Attitude Control

° Reaction Control
® N, H, blowdown propellant tanks (2) and plumbing
i o Axial jets (2), radial jets (2), 5 1b thrust each

o Control electronics
o Attitude Determination
® Earth sensors (2) with sun guard sensors
1 . Sun sensors (2)
)

Sun angle sensor

! Nutation Damper
g e Ball in tube
i e Ground computation of attitude

- Control electronics for X-band antenna

¢ g,
Electrical Power

e Body-mounted solar arrays

g Two batteries (NiCd)

® Solar array/battery controls

P Distribution and power control circuitry
i . e

] Redundant UHF antenna arrays
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during the Skynet I and NATO II orbital operations. This malfunction

information was obtained from References C. 8-1 through C. 8- 14.

f C.8.4 Satellite Orbital Experience
C.8.4.1 Skynet I

C.8.4.1.1 General

i
! Of the seven malfunctions listed in Tables C.8-2 through C. 8-5,
one during launch base testing, if undetected, could have had significant
i impact on the mission and three in space did have significant impact. Two of
the latter were TWT failures (both the same satellite) and the third was a
E catastrophic apogee boost motor (ABM) failure. (Since long-term control
of Skynet IA in the final orbit was handled by the United Kingdom, other
} less significant malfunctions, not contained in available documentation in
!

the U.S., may have occurred.)

©H8) 4. =2 Launch Base

No significant anomalies occurred at the launch base on

Skynet I spacecraft.

C.8.4.1.3 On-Orbit

P i =

The first Skynet IA TWTA failure occurred on 8 October 1970
in a matter of several minutes. The cathode current decay characteristic

was similar to the response expected if the heater were shut off. The high-

s

voltage converter continued to operate and increased in voltage because it
was unloaded. The data indicated that either the heater or the heater power

supply failed.

o

The second failure occurred on 29 November 1971 after 9480

hours of orbital operation. Ground station measurements confirrmned that

e

the spacecraft receiver had decreased in sensivitity. In the unaccessed
condition, spacecraft telemetry indicated an abnormally high receiver input

noise level. It was further confirmed from ERP measurements at the ground

terminal that the useful signal from the spacecraft was decreasing at a

C.8-8
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greater rate than that seen on RF output power telemetry. No discrete
spurious signals were evident. It was concluded that the TWTA had become
unstable and was oscillating at a frequency outside the communications fre-
quency band.

All subsystems of the Skynet IB spacecraft were operating
nominally when the ABM ignition command was transmitted to the space-
craft. Ignition was confirmed and measurernents on telemetry were nominal
until 13.9 sec after ignition (the nominal burn was 22 sec) when telemetry
abruptly ceased. Further contact with the spacecraft was never re-established.
The Skynet IB Failure Review Board established (Ref. C.8-2) that ''the
quality assurance function in the ABM manufacturing process needs attention. "
This was based on the conclusion that inadequate humidity control during ’
casting of the motor could have resulted in excessive moisture in the pro-

pellant and inadequate propellant bonding.
C.8.4.2 NATO II
C.8.4.2.1 General

From the 26 malfunctions given in Tables C.8-6 through C. 8-9,
one during launch base testing, if undetected, could have had a significant
impact on the mission and four in space did have significant impacts. Three
of the latter were TWT failures (the two on NATO IIA terminated the satellite

mission) and the fourth resulied in loss of one of the two command units.

C.8.4.2.2 Launch Base

A capacitor with the wrong voltage rating was erroneously
installed in the NATO IIA power control unit. The discrepancy, found when
the spacecraft was at ETR, was caused by improper kitting in plant. Parts
control was at fault. The discrepancy could have resulted in early failure
of the unit on orbit.

As a result of the findings concerning the failure of the Skynet
IB ABM (see discussion above), the NATO IIB ABM was recast.

C.8-11
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C.8.4.2.3 On Orbit

The first failure after launch occurred during October of
1970. The Watkins-Johnson TWTA had operated for 4250 hours. An analysis
of telemetry after failure showed that TWTA power output and cathode current
were zero, and the helix voltage near-zero. The helix current was somewhat
below the zero current indication at an equivalent telemetry voltage of about
1.18 V. Normally, the equivalent telemetry voltage for no helix current
would be about 2 V due to an offset voltage generated in the power supply. A
rise in battery temperature was attributed to power consumption in the TWTA
current limiter in the communications dc-dc converter, which is located on
the back of equipment panel 4. The main bus current change is not consistent
with the normal current limiter fold-back caused by a low-resistant short.
The current should have decreased to approximately 1.45 A; instead, the
current increased to 1.86 A. The higher current is attributed to a partial
fold-back of the limiter resulting from a higher resistance short. This
premise is consistent with the equivalent telemetry voltage of 1. 18 V for the
helix current since the low-voltage heater switching circuits of the TWTA
power supply must be operating to generate the 1. 18 V offset, The high-
voltage telemetry indicates a near-zero value; there is, however, on the

order of 0.1 V that cannot be explained other than to postulate that the high-

‘voltage switches were operating, but with a near-short as a load.

The second failure was characterized by rapid performance
degradation beginning on 21 April 1972, The TWT (manufactured by Varian)
had operated 13,500 hours on-orbit. Measurements of ERP, receiver
sensitivity, and spurious signal levels recorded during the period of the
anomaly showed that the ERP decreased at a more rapid rate than the tele-
metered RF output power, and that the receiver sensitivity decreased 6 dB
in the 20-MHz channel and 20 dB in the 2-MHz channel. This change in
receiver sensitivity was also confirmed by increase in apparent noise level
as indicated by the IF level sensors. Spurious signals were observed in both

2- and 20-MHz channels, which would account for the change in receiver

C.8-16
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sensitivity and IF level indications. This anomaly was concluded to be
out-of-band oscillation in the TWTA. The TWTA appeared to have undergone
substantial cathode emission degradation.

The third TWTA (Varian) failure occurred after 11, 300 hours
of orbital life in the NATO IIB satellite. Analysis of data confirmed that
the degradation of the TWTA was caused by a spurious oscillation. Analysis
of the Varian TWT failure indicated at least two failure processes within
the tube: One was likely a random failure process; the second, a wearout
or depletion type process. It appears that rigid quality control and exten-
sive development time is required to obtain TWT long-life performance.

The NATO IIB spacecraft rejected all commands (10) during
four separate passes on 12 and 13 February 1974. The fault first occurred
when Command Processor No. 1 was fully powered via the command enable
signal transmitted at 1312 GMT on 12 February. The fault was judged to be
in the command processor circuitry because (a) the spacecraft bus current
remained high (1.77 A versus a nominal 1. 69 A) for several hours after the
processor was enabled during the four command passes and (b) the panel
temperature on which the dual-command processor unit was mounted
increased following rejected commands. The data did not permit the con-
clusive isolation of a fault to a specific component in the processor.

The NATO IIA spacecraft experienced two sensor anomalies
of interest.

The first anomaly involved Earth Senor No. 1. The anomaly,
which was discovered on 6 July 1971, occurred while no telemetry was being
recorded; therefore, no dynamic failure data were available.

The ''104" binary coded decimal (BCD) reading on 5 July was
normal. The "0" BCD reading on 6 July was incorrect. All subsequent
readings were erratic and incorrect. The incorrect data exhibited one of

three characterisitcs during a typical 10 min interval:

a. Constant ''0'" BCD - earth width reset, but not counting;
b. Constant at non-zero BCD - earth width counter not reset;
c? Continuous cycling - earth width counter not stopped after

counting initiated.
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Coincident with the occurrence of anomalous data, the
communication antenna control reference switched to Earth Sensor No. 2
from Earth Sensor No. 1.

The earth sensor was procured from Lockheed by Philco-Ford
during the period of December 1968 through February 1969. The earth
sensor electronics were assembled on six printed circuit boards requiring
P between 150 and 200 solder connections. Several earth sensors were
returned to Lockheed for noise problems. Failure analysis revealed the
noise problem was due to cold solder joints. Further investigation by
program office (SPO) personnel revealed that several earth sensors with
solder joints not meeting the Lockheed soldering criteria were allowed
to pass all in-process inspections and were on delivered flight hardware.
Although an in-depth analysis was not made of the anomaly, it could be
hypothesized that the failure may have resulted from a poor solder joint.

The second anomaly involved Sun Angle Sensor No. 2. Analy-

R, B T T T T = = e et e s

| sis of the telemetry data from the sensor resulted in the conclusion that a U
[ second ''bit failure' had occurred. If the data bits for the second and fourth
most significant bits (64 and 16 decimal counts) were corrected, the resulting
l sun angles would be as expected.
. The probable cause of the sun sersor failure is a flip-flop
circuit or the silicon solar cell. The suspected flip-flop is in the pre-amp
output register. The failure is either in wiring or a 2N2907A transistor.

In summary, the cause of earth sensor failure was not
analyzed in depth by the contractor or the SPO, but it can be hypothesized
that the failure could have occurred from a poor solder joint., The effect of
the failure was to switch to the redundant earth sensor assembly without

any mission degradation. The cause of sun sensor failure is hypothesized

to be a part failure or defective wiring. The failure of the sun angle sensor

did not result in a catastrophic mission failure.

! C.8-18
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2 The nature of these two anomalies leads to the following
l recommendations:
‘ a. For critical items, source inspection should be required.
3 ‘ b. Customer review of build-up records, tests data, failure
; reports, etc., should be accomplished in a timely manner,

i.e., prior to installation on flight hardware.

Cis A formal failure reporting and analysis system for on-orbit
failures should be included in all contracts.
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SATELLITE PROJECT A

Program Summary

The Phase I part of this program included several flight
spacecraft, all of which have been fabricated and launched. A Phase II modi-
fication of the satellite design has been implemented and additlonal spacecraft
have been fabricated and acceptance tested but have not been launched. This
activity is under the direction of the Air Force Space and Missile Systems
Organization (SAMSO) and The Aerospace Corporation of Los Angeles,
California.

The Phase I satellites were launched from Cape Kennedy by a
Titan IIIC booster and injected into a synchronous orbit. Ground communica-
tion and data processing are being provided by ground data centers. Addi-

tional information is given in Appendix D (Volume III).

C.9.2 Satellite Description

€ll9.2 = General

The satellite consists of two major segments, a spacecraft
segment and a primary sensor segment. The spacecraft segment provides
structural support, power, and communication and command services to the

sensor segment, which is attached to the top of the electronic equipment com-

partment. Figure C.9-1 shows a view of the Phase I spacecraft segment.

The Phase II design configuration is essentially the same.

The Phase I satellites have a diameter of 110 in., a height of
256in., and weigh 1980 1b, In addition to the primary sensor payload, two
secondary payloads were flown. The spacecraft segment contains approxi-
mately 25,000 electrical piece parts excluding solar cells, The sensor seg-
ment contains approximately 110,000 electrical piece parts excluding memory
cores and connectors. Reliability improvements and increased survivability
were incorporated into the Phase II satellites and only one secondary payload
was incorporated. The Phase II satellites have the same diameter and height
as the Phase I satellites, but weigh 2240 1b.
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! i € 9522 Structure

The basic structure consists of a tubular truss and the main
electronic equipment compartment. The equipment compartment is 18 in.
high and has a diameter of 64 in. with provisions for mounting equipment to
the main platform and to the external access doors. The external surface of
, | the equipment bay is covered with a mosaic pattern of insulation and second -
surface mirrors to provide an adequate thermal environment for the elec-
tronic equipment. The propulsion system is mounted on a honeycomb plat-

form that is parallel to the equipment platform. The reaction wheel is

; ‘ mounted to a conical frame that surrounds the propellant tanks.
The solar array consists of a cylindrical shell, 108 in. in
| diameter and 79 in. long, with the array base attached to the tubular struts
' ' at the booster adapter section. A conic section 21 in. high tapers from the
! { 108-in. diameter to the 64-in. octagonal equipment compartment. Four

deployable solar paddles are attached to the base array of the spacecraft.

I i \ L c.9.2.3 Communication and Command

The communication and command subsystem transmits sensor
and satellite housekeeping data to the ground stations, receives and processes
the commands, and provides ranging signals for orbit determination. Two

downlinks (Links 1 and 2) and one uplink (Link 3) are provided.

1 ,! Link 1 includes redundant S-band 1.6-W transmitters, dc-dc

! converters, an RF switch for transmitter output selection, a transmitter fil-
ter, a high-gain antenna, and redundant encryption units. Link 1 performs
the function of secure wideband payload data transmission at 1.024 Mbps to a
satellite readout station.

Link 2 includes redundant 0.8-W transmitters, converters, an

RF switch, a transmitter filter, a high-gain antenna, a dual baseband unit,
two digital telemetry units for telemetry data conditioning, and redundant

encryption units. The function of Link 2 is transmission to the satellite read- -

out station of housekeeping data, some secondary payload mission data, and




the ranging information. The data rate is normally 128 kbps, but can be
reduced to 1 kbps. The digital telemetry unit processes the data to form a
serial bit stream. The active transmitter output can be commanded to either
the Link 2 high gain antenna or the Link 3 omni antenna by means of the
coaxial switch.

Link 3 consists of redundant receivers, signal conditioners,
converters, a diplexer, an omni antenna assembly, and a dual command de-
coder. Decryption is performed by redundant units. Link 2 is the reception

channel for commands and ranging information. A total of 240 authenticated

and 16 non-authenticated discrete commands may be processed. Commands

are decrypted and decoded before they are issued to their final destination

for execution.

C.9.2.4 Electrical Power and Distribution

The electrical power and distribution subsystem is comprised
of the solar cell array, power control unit, four shunt element assemblies,
three batteries, the electrical integration assembly, the auxiliary integra-
tion assembly, and cabling. The subsystem provides electrical energy from
solar array and battery sources, distributes it through the satellite, moni-
tors its own operation, and provides signals for telemetry.

The electrical integration assembly contains the control cir-
" cuitry needed to condition certain command signals generated in the dual
command dzcoder, and also signals generated in other subsystems. It re-
ceives and conditions 52 commands.

The auxiliary assembly contains the controls to switch redun-
dant encryption units and associated communication equipment into the corn-

munication and command subsystem.

C.9512:5 Attitude Control

The primary function of the attitude control subsystem is to
acquir&-the edrth and continually point the satellite spin axis toward the
earth's center. The subsystem consists of redundant earth sensor assem-

blies, two sun sensor assemblies, reaction wheel assembly with redundant




electronics, rate gyro assembly, redundant control electronics assemblies,
redundant valve driver assemblies, redundant power converters, and a re-
dundant equipment switching assembly. The attitude control subsystem also
provides control signals to the propulsion subsystem thruster valves and gas
jets which produce thrust for orbit control and torques for earth-pointing con-
trol, respectively.

The earth sensor provides earth-pointing error information in
two transverse axes in the spacecraft. The sun sensor assembly consists of
three silicon solar cells viewing the sun through slits in a satellite meridian
plane. The sun sensors are located in quadrature on the sides of the
spacecralt.

The reaction wheel assembly is spun up after spacecraft sepa-
ration to a speed which causes the spacecraft to rotate at a slow rate. The
result is a zero-momentum satellite. The rotagyro assembly is intluded in
the attitude control subsystem to provide transverse body rate signals during

the acquisition mode.

C.9.2.6 Propulsion

The propulsion subsystem provides an energy source for atti-
tude control and orbital control maneuvers. The subsystem contains 12
thrusters that are pressure -fed with hydrazine and operate in a pulse mode.
Four are 3.5-1b (at 500 psia tank pressure) thrusters, and eight are 0.03-1b
thrusters. Two of the larger thrusters are used for AV maneuver purposes
and two are used for high-level attitude control during AV maneuvers. The
smaller thrusters are used for normal attitude control. All commands to
operate the subsystem are received from the attitude control subsystem via

an electrical interface assembly.




(S Satellite Orbital Experience

The first two satellites launched experienced a number of
anomalies early in orbit. Many were design-oriented, which indicated the

qualification program was not completely effective., Redundancy and the
flexibility of the commanding system minimized the impact of the anomalies.

In addition to some design changes, the factory test program was modified

to increase

Burn-in time on components and satellites
Component temperature cycling
Vibration duration

Acoustic duration

In addition, all components were powered and their perform-
ance monitored during vibration test and temperature cycling.

Readiness testing every 30 days of spacecraft in storage was
found to be less desirable than conducting the test only upon removal from
storage for launch. Personnel errors during test caused more problems

than the effect of storage.

C.9.4 Testing and Anomalies

C.9.4.1 Factory Test Program

The development, qualification, and acceptance test program
is conducted independently by the contractors for the spacecraft segment and

the sensor segment. The segments are subsequently integrated into a satel-

lite by the spacecraft contractor, where system level qualification and accep-

tance tests are conducted.

Formal qualification tests for the Phase I program were con-
ducted to demonstrate a margin of 3 dB for dynamic and 20°F for thermal
beyond the maximum predicted flight environments at which acceptance was
conducted. Vibration and thermal vacuum testing was conducted on most

components; and humidity, acceleration, and shock were performed on a few




components. The component vibration qualification was conducted for 3 min

per axis at 19.5 g rms with power on to component, but key parameters not
continuously monitored. The component thermal vacuum test consisted of

a 12-hour soak at hot and 12-hour soak at cold predicted extremes plus 20°F
margin,

' System level acoustic qualification tests were performed with-
out the flight shroud and with only the equipment operating that would nor-
mally operate during flight. Qualification tests for 3 min at 145 dB were run
separately on each segment and also on the complete satellite. A satellite
qualification shock test was also conducted, although the sensor segment used
was the development model. Two pyrotechnic firings of the satellite separa-
tion ordnance were performed. Thermal vacuum qualification tests at the
system level were not as thorough as the dynamic tests. Formal qualifica-
tion testing was only conducted on the spacecraft segment since the sensor
segment used in the satellite assembly was the development model sensor.
Several changes were made for engineering evaluation of the spacecraft seg-
ment during the course of the test which reduced the effectiveness of the
demonstration of qualification. It was an 8-day test at steady state under
worst case thermal conditions using infrared lamps to provide thermal flux

simulation at specific locations on the vehicle. This type of test is more to

validate the thermal design rather than the qualification margin of subsystems.

Acceptance testing for the Phase I program was conducted at
maximum predicted flight environments. Environmental testing at the com-
ponent level consisted of three-axis vibration for 1 min at 9.8 g rms and a
24-hour thermal vacuum test with a 12-hour soak at hot and cold predicted
temperature extremes. The acoustic test at 142 dB overall for 1 min was
conducted at the spacecraft contractor's facility. The thermal vacuum test-
ing of the sensor segment was conducted to align and calibrate the sensor and
to check sensor performance, as well as to conduct environmental testing at
flight levels in order to detect material and workmanship defects. The space-

craft segment assembly, functional acceptance testing, and acoustic accep-

tance testing at 142 dB overall for 1 min were conducted prior to integration
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with the sensor. The satellite thermal vacuum test was an 8-day test at
maximum predicted flight temperatures, comprised of 3 days at cold limits,
followed by 4 days of cycling between cold and hot limits (12 hours hot, 12
hours cold) and finishing with 1 day at the hot limit. This test was designed
to detect material and workmanship defects.

As the result of higher than anticipated failures during the
initial 45 days on orbit for the first two satellites, changes in the test pro-
gram were implemented. A 30-day ambient burn-in test of the satellite was
introduced starting with the third satellite. It was thought that longer dura-
tion ground testing could reduce infant mortality failures. As part of the
Phase Il program, additional changes were made to both the component and
system acceptance testing to screen out material and workmanship defects
in flight satellites. For electronic components (black boxes), the thermal
and vibration tests were upgraded as shown in Tables C.9-1 and C.9-2. In

addition, the perceptiveness of testing during these environments for

Table C.9-1. Component Test Improvements — Temperature-Vacuum

ed New
® Thermal Vacuum All Vacuum -sensitive only(l)
o Temperature Cycling None All(z)
¢ Number of Cycles 1(3) g(4)(5)

(1) Transmitters, receivers, high-power components, and those
containing lubricants.

(2) Includes vacuum -sensitive components.

(3) Unit powered during pumpdown if '"on' during launch; 12 hours
at hot temperature and 12 hours at cold; functionally tested
near end of the 12=hour dwell periods.

(4) Eight cycles based upon data taken from the NASA '"Long Life
Assurance Study,' March 1972, prepared by Martin-Marietta.

(5) Key parameters monitored continuously; complete functional
test performed at the hot and cold plateaus during the 1st and
8th cycles.

C.9-8
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’ Table C.9-2. Component Test Improvements — Random Vibration

Acceptance Level (>than 6 g rms overall)
Old New
®  Duration 1 min/Axis(l) 3 min/Axis(z)

¢ Power On '""Most' Components(3) A11(4)

R T R e e T e T

® Continuously Monitcred No Yes

(1) Standard - 1/3 qualification daration.

(2) Extended in order to monitor the maximum number of key
- parameters without jeopardizing component life - verified by
test and stress analysis.

RPN S

Yr (3) Required for all components with power on during launch and
others if requested by the design engineer; pass/fail criteria
nebulous and usually at the discretion of the designer.

(4) Earth sensor poesitioner is caged to prevent possible damage.

c identifying failures, particularly intermittents, was considered improved.

e

| This was achieved by electrically energizing and operating the component,

l even if it will not be energized during the environment, and by continuously

g monitoring critical parameters. A 30-day burn-in was also implemented on
E transmitters and receivers. The spacecraft segment acoustic test was also
increased from 1 to 2 min and for the 3-day burn-in test the sensor as well

‘ i as the spacecraft segment was electrically powered.

C.9.4.2 Factory to Launch Operations

Following final satellite acceptance by SAMSO, the first two
satellites were shipped directly to the launch pad by military aircraft. The
satellite was enclosed in an air-conditioned and dynamically isolated,

program-peculiar transporter that was used for road transportation as well

T S

as satellite protection during aircraft transportation. Upon arrival at the
| launch pad, the satellite was visually inspected and then mated to the Titan

/ IIC launch vehicle. After mating, a 3-day satellite integrated systems test

C.9-9
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(IST) was conducted. The IST was in the format of a launch to on-orbit
operational sequence from T-0 to T-815 min from launch. All command

and data readouts during this IST were via RF {from the Satellite Assembly
Building (SAB)where the automatic checkout AGE was located. This program-
peculiar AGE was used at both the satellite integrating contractor and the
launch site. The AGE provided the capability in the automatic and semiauto-
matic modes for controlling the spacecraft and electrical ground equipment,
continuously monitoring telemetry data, processing hardline and telemetry
data, providing real-time display and data storage and generating and process-
ing commands. The satellite was as close to flight configuration as possible
with only hardlines connected for power, attitude control, and secondary pay-
load stimuli and monitoring. Total processing time at the launch pad was
approximately 30 days.

Starting with the third satellite, a period of storage in a nitro-
gen atmosphere followed the final satellite acceptance. Initially a satellite
readiness test was conducted every 30 days, but it was found that failures
were occurring due to personnel error and not to the storage environment.
Therefore, a readiness test is presently conducted only when the satellite is

removed from storage for shipment to the launch site or following rework.

C.9.4.3 Flight Anomaly Summary

All on-orbit anomalies are listed in a computerized printout
report (Ref. C.9-1), which is maintained current and published monthly. The
data provided in this listing of anomalies are shown in Table C.9-3, and the
effect of the anomaly on the mission is defined in seven categories as shown
in Table C.9-4. The on-orbit anomalies experienced on four satellites are
shown in Table C. 9-5 by severity of the anomaly and by segment of the satel-
lite where it occurred. Failures are defined as anomalies that seriously
degrade satellite performance or life, including both primary and secondary
payloads, even though redundancy has permitted recovery of operations.

Categories 0, 1, 2, 3, 4 of Table C.9-4 are considered failures. Those

anomalies that do not seriously affect pertormance or life, including
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Table C.9-3.

Coiumn Headings of Anomaly Printout

AN. NO.

DEP. NO.
CLASS

TIME

DATE

DAYR

SAA

LONG.

TITLE,
OBSERVATIONS
AND ACTION

ANOM STAT

FREQ/SITE
UNIT

SIG. DATA
VALUES
- MONITOR

- READING

Anomaly Numerical Identifier

1000 - 1999 Anomaly Numbers for Spacecraft
2000 - 2999 Anomaly Numbers for Sensor

3000 - 3999 Anomaly Numbers for Mission IIIB
4000 - 4999 Anomaly Numbers for RADEC

Vehicle number in order deployed
Classification of effect on mission

GMT of occurrence of anomaly

Calendar date by month/day/year

Number of the day in the year

Solar aspect angle

Satellite subpoint longitude location

Anomaly description, action taken, and refer-
ence to detailed reports

Open (0), closed (1), or inactive (2) anomaly
status ;

Frequency of occurrence/monitoring site
Suspected anomalous unit numerical identifier

Significant data values - telemetry monitor
point and reading at time of anomaly
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' Table C.9-4. Classification of Effect On Mission

Classification Effect on Mission
] 0 Complete loss of primary mission capability.
i 1 Any satellite anomaly or problem that seriously

degrades the primary mission.

2 Any satellite anomaly or problem that seriously

degrades the secondary mission.

3 An anomaly or problem that has a potential for

degrading satellite life.

} 4 Any satellite anomaly that could seriously degrade
3 l satellite performance or life, for which adequate

alternatives or measures were implemented.

[ ! 5 Any anomaly that has a minor impact on the per- C}

formance of the satellite.

6 Any anomaly that has no impact on the life or per-

formance of the satellite.

' 7 Initially appeared to be an on-orbit anomaly but
1 | later analysis showed that the system performed

as designed: i.e., a wrong interpretation of data,

E problem in ground data system, etc.
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intermittents, are defined as problems and include Categories 5 and 6.
A description of each of the failures is provided for each satellite in
Tables C.9-6 through C.9-9.

C.9.4.4 Evaluation of Test Program Effectiveness

The number of failures, as well as total anomalies, occurr-
ing on the first two satellites as shown in Table C.9-5, was much higher than
anticipated. The effectiveness of the ambient 30-day burn-in test of the satel-
lite, implemented starting on the next vehicle, is shown in Table C.9-5 by the
reduction of anomalies experienced on the subsequent flights, The flight
failures were categorized by their effect on the mission and are plotted in
Figure C.9-2. By the use of redundancy, only 37 percent of the failures
resulted in a significant loss to the mission and only 6 percent were a major
loss. In addition, the flexibility of the ground commanding system resulted
in work-around operational modes that eliminated or reduced the impact of
the failure for 38 percent of the failures. This shows the importance of ade-
quate redundancy and flexibility in ground command. All four of these flights
are considered very successful despite the high number of anomalies.

" To provide more insight into the effectiveness of the ground
test program, Table C.9-10 was prepared. System test effectiveness is
defined as the ratio of total ground test failures to the sum of total ground
plus flight failures. The increase in effectiveness for satellites 0002 and
0004 can probably be attributed in large part to the additional 30-day burn-in
test; however, the large reduction in design-orientated failures would indi-
cate the maturing of the design also had an effect. The large relative num-
ber of design-orientated failures on the earlier flights indicates that the qual-
ification program may have not been effective. The lack of a formal thermal
vacuum test of the sensor segment and the character of the thermal vacuum
qualification test conducted on the spacecraft segment supports this observa-
tion. As an example, the high complartment témperatures experienced on
satellite CO01 can be attributed to poor simulation of the solar heating during

thermal vacuum testing.

C.9-14
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All but a very few of the functional failures during system test

occurred during spacecraft integration and sensor integration with the space-

craft. The increase in such problems during later satellites is probably due
to the increased attention to testing as the result of the failures in the earlier
flights. The 8-day system thermal vacuum is similar to that specified in
MIL-STD-1540, and the number of failures identified indicates that it is
effective in identifying problems. The sharp increase in failures on satel-
lites 0005 and 0006 is believed due to the design changes implemented in
Phase II of the program, which started with satellite 0005. Only satellites
0007 and 0008 incorporated all components that were acceptance -tested to
the improved vibration and thermal vacuum test program. The reduced
number of failures would indicate this revised acceptance testing to be more
effective. Table C.9-11 shows failures found with the old and new component
test program for spacecraft segment components. Table C.9-12 shows that
a higher percentage of failures are identified at the component level with the

revised test procedure and failures found at the satellite level have cor-
respondingly been reduced.
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Reference

C.9-1. System Operability Update, Review, and Characteristics
Evaluation (SOURCE Program Printouts), TOR-0075(5409-06)-1
through TOR-0075(5409-06)-12, The Aerospace Corporation,

El Segundo, Calif. (26 July 1974 through 26 June 1975).
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C.10 DEFENSE SATELLITE COMMUNICATIONS
SYSTEM - PHASE II

C.10.1 Program Summary

The Defense Satellite Communications System - Phase II
satellites (DSCS II) were designed to replace the older Phase I (IDCSP)
satellites. The technology available for DSCS II is considerably advanced
beyond that used for IDCSP, and thus the satellites have few similarities.

It can be noted that the first launches of these two systems are separated
by 5-1/2 years, the same interval of time that separated the first and
fourth generation Intelsat commercial satellites. DSCS II is also known
as Program 777.

The DSCS II satellite was designed and fabricated by the
TRW Systems Group at Redondo Beach, California. The Air Force Space
and Missile Systems Organization (SAMSO) has management responsibility
for the program, with General Systems Engineering/Technical Direction
provided by The Aerospace Corporation.

The DSCS II (Program 777) was granted go-ahead in March
1969, and the first launch of two satellites (Nos. 9431 and 9432) on a Titan
IIIC took place on 2 November 1971. In September 1972, No. 9432 suffered
a power distribution failure with loss of the despun platform and antenna
pointing control, and consequently was terminated from operations. The
other satellite, No. 9431, continued to operate over the Atlantic Ocean area
until September 1973 when failure of the electrical power subsystem termi-
nated the mission. A second launch for Program 777 was made on 13 Decem-
ber 1973, placing two satellites (Nos. 9433 and 9434) into synchronous orbit ]
using a T-IIIC. These two satellites have carried operational traffic on a
continuing basis to date (May 1975). A third launch of two more satellites’
is scheduled for mid-1975. (See References C.10-1 through C.10-6.)

C.10-1
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C.10.2 Satellite Description

‘ Figure C.10-1 shows the general arrangement of the satellite

' and describes the salient features. Each satellite weighs 1150 1b and con-
tains 35, 000 piece parts. The major items comprising the satellite subsys-
tems are listed in Table C. 10-1.

} Structurally, the veh1clc consists of two spinning sections that
maintain an angular velocity relative to each other. The outer cylindrical

s section, which is 9 ft in diameter and 5-1/2 ft high, is composed of a body-

| mounted solar array, an aluminum truss structure that bears the principal

launch loads, and an equipment platform. The outer section spins at approxi-

mately 60 rpm, with the spin axis oriented normal to the orbital plane. The

inner section of the structure consists of an earth-oriented despun platform

that is isolated from the outer section by a despun bearing/motor assembly.

By means of this assembly and its associated controls, the despun platform

is driven sc that a reference point on the platform is continuously pointed
toward the center of the earth. All of the communications equipment is

, i mounted on the despun platform. A pair of earth-coverage communication
antennas transmit and receive, are fixed rigidly to the platform, and are
aligned with the aforementioned reference point so that they are continuously
pointed at earh center. Also mounted on the despin platform are a pair of
parabolic narrow-beam antennas, each of which can be independently driven
! in two axes.

Command and control of the satellite is achieved by means of
an onboard tracking, telemetry, and command (TT&C) subsystem, which is
compatible with the Space-Ground Link Subsystem (SGLS) located at Sunny -
vale, California. Most of the components of this S-band equipment are lo-
cated on the spinning platform; however, certain elements, chiefly those
associated with the communications and attitude control functions, are con-
tained on the despun platform. The TT&C antenna is deployed from the aft
| end of the satellite and is attached to the spinning section.

E Attitude control and stationkeeping of the satellite are achieved

{ by the operation of a hydrazine monopropellant system, the 3.8 1b thrusters

! c.10-2
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MECHANICALLY DESPUN
ANTENNAS AND EQUIPMENT
PLATFORM

DEPLOYABLE
NARROW BEAM MASS

ANTENNA

PROPULSION
TANK (4)

SPIN
EARTH
COVERAGE [ Sl
ANTENNA (2)
DESPUN
PLATFORM
SOLAR
ARRAY
ZARTH S-BAND
SENSOR (2) ANTENNA (TT&C)
SPIN ROCKET (2)
LAUNCHES CHARAGTERISTICS
#9431} - DIAMETER - 9FT
#9432 - 2 NOV 71 HT, (OVERALL) - 13 FT
49433 WT. (LIFTOFF) - 1150 LB
#9434} - 13 DEC 73 POWER (BOL) - 535 WATTS
DESIGN LIFE - 5 YEARS
BOOSTER - T-IIIC

ORBIT - SYNC, EQUATORIAL

Figure C,10-1. Defense Satellite Communications System (DSCS II)
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Table C.10-1, DSCS II Subsystem Description

Structure

Cylindrical solar panel substructure
Aluminum truss primary structure (spins 60 rpm)

Despun equipment platform and comm. antennas

Deployable components
] Parabolic narrow-beam antennas (2)
(] Mass balance

[ S-band antenna

Attitude Control and Stationkeeping

° Attitude determination
° Earth sensors (2), redundant heads
(] Sun sensors (2), telemetry only for ground computations
. Electronics - despin (DEA), gimbal drive (GEA), by
control timing (CTA) {_ ;
® Antenna pointing control

] Despin mechanical assembly ({DMA)
° Nutation damper - pendulum/fluid type
L Biaxial drive for each paralolic antenna
° Initial spin-up rockets (2)
Stationkeeping reaction control
° Thrusters - 3.8 1b (2 axial, 2 radial, 2 spin control)

® Hydrazine tanks (4 interconnected)

Electrical Power

logic ass'y (SLA)

° Solar array - cylindrical body-mounted
° Batteries (3) - NiCd, 12.9 A-hr each
° Dower control and power distribution
) Shunt regulation
L Automatic temperature control battery charge
° Electrical integration ass'y (EIA) and switching
()4

C.10-4




Table C.10-1, DSCS II Subsystem Description (Cont.)

Thermal Control

° Passive thermal control

‘ ° Insulation, second surface mirrors, thermal isolators
o Active thermal control

t ° Thermostatically controlled heaters

Traéking, Telemetry, and Command

o S-band telemetry and command - SGLS compatible
b ° Secure command and TLM links
° Redundant receivers and decoders (cross-strapped)
’ o Redundant transmitters and encoders (cross-strapped)
R ° Switching logic assembly (SLA)
° Antenna - torroidal beam omni on spinning body
( Communications
o Four channels with 50 - to 185-MHz bandwidths, single
conversion
° Capacity
4 ° 1300 two-way voice circuits or ~ 100 Mbps digital data
° Antenna
° Two earth coverage horns, 1 transmit and | receive,
18° beamwidth, 16.8 dB gain minimum
° Two narrow-beam parabolas, 44 in. diameter, 2.5°
beamwidth, 33 dB gain minimum, steerable to £10°
each axis
[ All antennas circularly polarized, mounted on despun
platform
C.10-5
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Table C.10-1. DSCS II Subsystem Description (Cont.)

Communications (Cont.)

] Transmitters - 7250 to 7375, 7400 to 7450, 7490 to 7675,
7700 to 7750 MHz

° Four transmitter chains, one on, one standby
(earth coverage), same for narrow beam - each
has driver and output TWTA

° Transmitter output - 20 W each

° EilP - 28 dBW (earth coverage), 43 dBW (one
narrow-beam antenna), 40 dBW (two narrow-
beam antennas) )

[ ] Receiver - 7900 to 7950, 7975 to 8100, 8125 to 8175,
8215 to 8400 MHz

® Tunnel diode preamplifiers and amplifiers/
] limiters (TDAL)

° Noise figure - 7 dB

D)

(D]
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for which are mounted on the spinning section of the satellite in both axial and
radial positions. In addition to its normal attitude control and stationkeeping
functions, the onboard propulsion equipment is capable of making at least one,
f and possibly more, major translations of the satellite to a new longitudinal
position, depending upon the velocity at which these maneuvers are performed.
The primary source of power for the satellite is a body-mounted

[
l solar array composed of NP solar cells attached to the s pinning structure. '

This array generates 535 W of usable power at launch. Three nickel-cadmium

batteries (12 A-hr) provide a secondary source of power for use during eclipse.
The satellite communication sygtem has been designed to pro-
| vide maximum operational flexibility by utilizing four separale communication
channels that can be interconnected to operate with earth-coverage and narrow-
| beam antennas in various modes. There are four possible paths or channels
that an incoming signal can take, depending on its frequency. Channel 1 is a
! | straight-through earth-coverage channel that transmits and receives via the
b | earth-coverage antennas. Its nominal bandwidth is 125 MHz. Channel 3 is
‘ the straight-through narrow-beam channel that transmits and receives via the
i narrow beam and has a nominal bandwidth of 185 MHz. There are also two
| crossover channels: Channel 2, which receives on narrow beam and trans-
mits on earth coverage, and Channel 4, which receives on earth coverage and
transmits on narrow beam. Both of these crossover channels have a bandwidth
| of 50 MHz.
: The effective isotropic radiated power (EIRP) through the earth-

coverage transmit beam is 28 dBW for any point on the earth from which the
elevation angle to the satellite is greater than 7.5°. The EIRP of a single
narrow-beam antenna is 43 dBW for any point on the earth from which the line
of sight to the satellite is within 1° of the narrow-beam antenna boresight axis.

When utilizing the narrow-beam channels, it is possible to
transmit in one of three modes. In the normal mode, signals can be received
on one narrow-beam antenna and transmitted on the other; in another mode,

signals can be received and transmitted on the same narrow-beam antenna;

1 ! in the third mode, signal is received on one narrow-beam antenna and

C.10-7
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transmitted on both. Any one of these modes is selectable by commanding
the position of a switch in the transponder. In the case where two narrow-
beam antennas are being used for transmission, the EIRP from each one
drops to 40 dBW.

C.10.3 Key Milestones and Events

The significant program milestones are shown in Figure C. 10-2,
which also summarizes significant malfunctions. Additional details on satel-

lite performance and malfunctions are given below.

C.10.4 Satellite Orbital Experience

Tables C.10-2 and C. 10-3 provide a description of all anoma-
lies on satellites 1 and 2 (Nos. 9431 and 9432), which were launched in Novem -
ber 1971. Operations have been terminated on both of these satellites. The
most important anomaly was the inability to despin the communications plat-

form on satellite 2 from a standby mode, which in turn was caused by a mal-

function of the despun electronics assembly. This condition was the result of

improper controls system design, which was corrected on subsequent satel-
lites. It would not have been feasible to provide a ground test that could have
identified this problem. The design changes implemented to correct for the
omni antenna failure on satellite 1, to eliminate single-point failures in the
power distribution system, and to make the radiation generator assembly less
susceptible to geomagnetic substorms would also not have shown up in normal
‘ground testing.

The total number of anomalies on these two satellites was quite
large, though only 41 percent are considered significant and 52 percent were
corrected by use of redundancy or ground commanding. There were seven
electronic box failures that could possibly have been eliminated by a more
effective ground test program as specified by MIL-1540; i.e., temperature
cycling, hot vibration, and acceptance testing at maximum predicted

environment.
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The flight anomalies of satellites 3 and 4 (Nos. 9433 and 9434)
during 413 days in orbit are very few, with only three of significance (see
Tables C. 10-4 and C. 10-5). Two of the significant anomalies are the result
of spacecraft charging and arcing from magnetic substorm activity, a space E
environment that is not well defined and difficult to simulate in ground testing.
The other significant anomaly was failure of a TWTA. The success of orbital
operations compared to the first flight is attributed to both the design changes
implemented and the increased testing and improved quality control as the re-

sult of the close scrutiny ¢f all aspects of the program by the contractor and

customer. However, the deficiencies in the program as compared to MIL-

1540 were not corrected.

C.10.5 Testing
C.10.5.1 Factory Test Program '

Component dynamic qualification tests for vibration and acous-
tics are conducted at the maximum predicted flight environment. The accep-
tance test levels for these two environments are 3 dB below the qualification
test levels (the predicted flight levels). Because there is a £ 3 dB tolerance
on the test levels for these two environments, it can be expected that there
will probably be several frequency bands where the acceptance test levels
will exceed the qualification test levels (and the predicted flight levels). Thus,
there is a possibility of over-test with respect to acoustic and vibration tests.
In addition, it can be expected that certain bands will not reach the desired
qualification test levels, because of the * 3 dB tolerance in testing; therefore, 3
some bands will be under-tested in the qualification test. ‘;
All components except the solar array are exposed to the vi-

bration qualification test and acceptance test levels. The solar array, how-

. R
i L i

ever, is exposed to only an acoustic environment of 145 dB overall during
qualification and 142 dB during acceptance.

System level qualification testing includes acoustic, pyro shock,
and thermal vacuum. The system acoustic test on the assembly of two satel-
lites in the launch configuration is conducted at 145 dB overall, which is the

maximum predicted environment,

C.10-15
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The thermal vacuum tests are conducted in two phases: Phase I
for RF testing and Phase II for spacecraft functional testing. The Phase I test
sequence i8 4 days duration and includes 24-hour soaks at both the winter and
summer solstice hot conditions. There is also 36-hour testing at equinox
condition with two eclipse simulations. For the Phase II testing, the satellite
is rotated at 50 and 60 rpm, and during the 5-day test similar conditions are
simulated as in Phase I. Heat lamps are used to provide solar simulation and
the outer surfaces are driven to the maximum predicted temperatures.

Component acceptance testing consists of one hot/cold tempera-
ture cycle to 10°F above and below the maximum predicted temperature ex-
tremes. Vibration tests of { min duration are conducted on components at
9.8 g rms overall (0.0625 gZ/Hz pack), which is 3 dB below the maximum
predicted flight environment. Solar panels are exposed to a 142 dB overall
acoustic environment for 1 min (3 dB below the qualification level).

System level environmental tests include acoustic and thermal
vacuum. The two satellites assembled in the launch configuration are exposed
to a 14.2 dB overall acoustic level for { min. The thermal vacuum test is a
two -phase test of ~ 4-3/4 days duration conducted on each satellite, which is
similar to the qualification test in temperatures simulated and tests conducted
with one important exception. The summer solstice condition is not simulated
during the acceptance test. The summer solstice condition can be expected to
produce maximum temperatures for components on the despun platform that

are 10-15°F hotter than the conditions simulated.

C.10.5.2 Factory to Launch Operations

Each satellite is installed in a protective container for shipment

by C-5A aircraft to the Eastern Test Range (ETR). The satellites are shipped

with ordnance installed and safed. The electrical AGE (aerospace ground equip-

ment) shipped to ETR with the two satellites includes the communications sys-

tem universal test equipment and ordnance/control and TT&C RF consoles.
Each satellite is separately tested and then mated to the other

satellite in the Satellite Assembly Building (SAB) prior to transport to the pad.

0
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The integrated systems test (IST) is performed to verify that no degradation
in satellite system performance has resulted from the transportation environ-
ment. The IST was compared with ihe factory pre-ship IST data and the sys-
tem specifications to verify that the satellite is ready to initiate the launch
tasks. The IST sequence is an approximation of a normal mission profile,
within the constraints of the test conditions. During a hold period in the IST,
the Remote Vehicle Checkout Facility (RVCF') test is performed. The objec-
tive of the RVCF test is to verify the capability of this facility to send com-
mands to, and receive telemetry from, the satellites. The solar array test
is an illuminated test with the xenon flashlamp test set. The two satellites
are mated in tandem and attached to the adapter section, which mates to the
T -IIIC transtage.

After mating to the launch vehicle at the launch pad, the on-
stand functional test is performed to verify the readiness of the flight at satel-
lites for launch. Selected subsystem parameters are measured and compared
to previous IST data and system specifications to ascertain that no degradation
has resulted from the handling and transportation operations between the SAB
and payload. The RVCEF test is then performed again to demonstrate the
capability of the Remote Vehicle Checkout Facility located at the SAB to send
commands and receive telemetry from the DSCS II satellites when they are
installed on the booster. The payload combined systems test (CST) verifies
satellite ordnance circuitry for both satellites. Selected subsystem param-
eters are measured during the abbreviated functional test and compared to
the on-stand functional test to verify subsystem integrity at a time as close ¢

to launch as feasihle.
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C.11 SKYNET II COMMUNICATIONS SATELLITE

c.11.1 - Program Summary

Skynet is the name of the British millitary communication
satellite system. The first generation satellites (Skynet I) were launched
in 1969 and 1970. One of two satellites operated successfully for several
years, but the other was lost as a result of an apogee motor failure. The
Skynet II satellite design is similar to Skynet I, except that the satellites

are larger and heavier, and incorporate more redundancy than Skynet I to
increase the design life from 3 to 5 years.

The Skynet II program was under the overall management of
the British Ministry of Aviation Supply (MAS), with the U.S. Air Force
Space and Missile Systems Organization (SAMSO) responsible for manage-
ment of launch vehicle procurement, telemetry ground station modifications,

and launch and orbital interfaces. The Aerospace Corporation contracted

with both MAS and SAMSO to provide General Systerns Engineering and
Technical Direction for the program. Marconi Space and Defence Systems
Ltd. of Portsmouth, England was selected as prime contractor for the
satellite to provide the majority of subsystems and integrate them into the
satellite. Philco-Ford Corporation of Palo Alto, California was a major
subcontractor and supplied the attitude/orbit control subsystem and portions
of the telemetry, tracking, and command subsystem and the communications
subsystem.

Go-ahead for the Skynet Il satellite contract was in October
1970, and the first satellite, Skynet IIA, was launched from the Eastern
Test Range on a Delta 2313 launch vehicle on 18 January 1974. An electrical
failure in the booster prior to second burn of the second stage caused the

satellite to be injected into a non-nominal orbit. The satellite, in a low

altitude decaying orbit, was first acquired by the Satellite Control Facility

(SCF) on 23 January 1974. The satellite apogee boost motor was fired in




an attempt to raise the low perigee, but analysis of tracking data, after the
motor firing, indicated that the thrust was added in a non-optimum direction
and that the space.craft deorbited within one revolution.

Skynet IIB was launched on 22 November 1974, and was placed
into a near syncaronous orbit. On-orbit operations commenced in December
1974 after the satellite had been maneuvered into its intended longitudinal
position. Orbital control of the satellite was transferred from the SCF to
the United Kingdom Telemetry Command Station at Oakhanger, England on

19 December 1974, Operations were continuing at the time of this report
in early 1975,

Crlils 2 Satellite Description

Figure C.11-1 shows the basic configuration and key physical
characteristics of Skynet II. Table C.11-1 lists the major items comprising

the satellite subsystems.

C.11.3 Key Milestones and Events Q

The major milestones of the Skynet II Program, including
events for both Skynet IIA and IIB and most significant malfunctions that

have occurred to date are given in Appendix D (Volume III). The detailed

description of in-flight malfunctions and a brief listing of malfunctions that

have occurred during prelaunch ground tests at the Eastern Test Range are

also presented in Appendix D,

o
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SK-IIA - 18 JAN 1974 WT. (LIFT OFF) - 960 LB
SK-IIB - 22 NOV 1974 POWER (BOL) - 260 WATTS
BOOSTER - DELTA 2313 DESIGN LIFE - 5 YEARS
ORBIT - SYNCH. EQUATORIAL

Figure C.11-1. Skynet II Communications Satellite
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Structure

Table C.11-1, Skynet II Subsystem Descriptions

Cylindrical solar panel substructure (fiberglass)

Aluminum cone with honeycomb equipment platform
(primary structure)

° Rocket motor housing

Despun communications antenna

Attitude and Orbit Control

Electrical Power

Attitude determination

° Earth sensors (4), one pair redundant
° Sun sensors (2)
° Electronics - redundant

Antenna pointing control

° Motor drive assembly (MDA)

o Passive nutation damper O
Reaction control

@ Thrusters - 4 1b nominal (2 axial, 2 radial) o

° Hydrazine tanks - 4 interconnected, 50 1b total

Apogee boost motor
. Thiokol TE-M-604-1, total impulse = 126, 250 lb-sec

e et T e

Cylindrical array (6 panels)
Batteries — NiCd (2), each 12 A-hr

Power control unit ‘
° Shunt regulation 1
° Boost converter 1

Distribution - Main, comm. control and pyro buses

C.11-4
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‘ Table C.11-1. Skynet II Subsystem Descriptions (Cont. )

Tracking, Telemetry, and Command

d o S-band telemetry and command - SGLS compatible
1 o Circular multielement antenna spins with satellite
. Redundant command receivers plus 2 decoders

(cross-strapped)

° Redundant TLM transmitters plus 2 encoders
(cross-strapped)

Thermal Control

° Passive thermal control
] Multilayer insulation - cone, rocket motor,
RCE tanks
. Aft thermal blanket — multilayer insulation
. Forward thermal blanket
1\__ Communications
. Two -channel X-band, 2 and 20 MHz bandwidth repeaters
° Capacity
° Total of 24 data channels (2400 bps) or 280 voice
channels
° Antenna
’ ° Mechanically despun horn, earth coverage, peak gain
(transmit) — 18.7 dB, peak gain (receive) - 19.9 dB
il ° Transmitters —~ 7257.3 to 7259.3 and 7266. 4 to 7286.4 MHz
. Two TWTs (one on, one standby) ‘
1 ; ° TWT rated at 20 W, operated at 18-W output
! ° Receivers - 7976 to 7978 and 7985. 1 to 8005.1 MHz=z
: ° Noise figure - 9 dB 4
a7
|

|
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C.12 FLEET SATELLITE COMMUNICATIONS
SYSTE (FLTSATCOM)

c.12.1 Program Summary

" FLTSATCOM was designed and developed by TRW Systems
Group in Redondo Beach, California. Overall responsibility for the program
resides with the Naval Material Command while the satellite contracting
activities are being directed by the Air Force's Space and Missile Systems
Organization (SAMSO). The Aerospace Corporation is the General Systems
Engineering/ Technical Direction contractor.

] The contract, which was awarded 13 November 1972, includes
the engineering development and the fabrication and qualification testing of
one qualification model spacecraft. Qualification testing is presently
scheduled for completion in the first quarter of 1976. The next phase of the
program will be the production phase of up to seven satellites. The produc-
tion proposal has been received and is under evaluation by SAMSO. The
first launch is planued for early 1977 with 3-month launch intervals for the
remaining units. They will be launched singly by the Atlas/Centaur boosters
from the Eastern Test Range. Four satellites in a synchronous equatorial

orbit will form the complete global communications network for worldwide

use by the Navy and Air Force.

Cl12.2 Satellite Description

The FLTSATCOM satellite, which is body-stabilized about
three axes, consists of a hexagonal-shaped body with a 16-ft deployable
parabolic UHF transmit antenna and a deployable helical UHF receive
antenna mounted adjacent to the parabolic dish (see Figure C. 12-1), Elec-
trical power is supplied by two symmetrical deployable solar arrays mounted
on booms extending from the hexagonal body. Prior to deployment stages,

the solar array panels fold around the spacecraft, forming the hexagonal

C.12-1
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. CHARACTERISTICS
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LAUNCH DATE - FIRST QTR '77 " (DEPLOYED) - 43.4FT
BOOSTER - ATLAS/CENTAUR HEIGHT (ASCENT) - 16.7FT
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1 Figure C.12-1. Fleet Satellite Communications System (FLTSATC OM)
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body in a spin-stabilized configuration for apogee kick motor (AKM) firing
in the transfer orbit.

The spacecraft body is comprised of two modules. A space-
craft equipment module contains the attitude and velocity control subsystem
including the solar array drive; the tracking, telemetry, and command
(TT&C) subsystems; electrical power subsystem; and the AKM. The pay-
load module houses the mission-oriented UHF and SHF communications
equipment and their antennas. The Navy is provided with nine channels for
relay of fleet communications and one channel for fleet broadcast; the Air
Force has one wideband and 12 narrow-band UHF channels for high-priority
ground-to-air or air-to-air communicaticns. Brief satellite subsystem

descriptions are given in Table C.12-1.

€. 12:3 Key Milestones and Events

A summary schedule showing key milestones and events is

given in Figure C. 12-2.

C.12.4 Significant Design and Development Problems

C.12.4.1 Intermodulation Products

A fundamental discovery was made during the first brassboard
model testing that intermodulation (IM) products larger than the receiver
threshold level could be generated by passive devices such as loose joints
and sharp corners. These IM products had been identified before, but were
not at a troublesome level. Two factors that were not generally found on
other programs contributed to this: the first was the large frequency sepa-
ration between the 23 carriers needed to allow separate transmitters
followed by multicoupler filters; the second was the relatively narrow spacing
between transmit and receive bands.

Considerable effort was expended in identifying the IM sources
and finding solutions. The real breakthrough was made when the design
shifted to separate receive and transmit antennas, providing more than 45 dB

of isolation and hence reduction in IM products by this amount.

C.12-3
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! Table C.12-1. FLTSATCOM Subsystem Description

Structure and Configuration

| ° Hexagonal honeycomb and stringer body with two main modules - '
! payload and spacecraft “
° Solar array wraps around main body during launch and ascent

° Solar array unfolds after AKM firing at apogee

Attitude and Velocity Control

1 ° Three-axis stabilization control
| ) Body-fixed antennas
' ° Clocked solar array drive
4 } ° Pitch and yaw axes - body-fixed momentum biased reaction wheel

® Roll - offset thrusters

l . Earth sensor - 2 redundant heads (active flexure)

Reaction Control Q

) Pressure-fed N2N4

] o Spin, despin, precession, positioning, repositioning, E-W
stationkeeping orbit correction

° Attitude control - sun acquisition, earth search, AV, normal mode
(momentum wheel unloading), reacquisition

Electrical Power

. Unregulated power bus (20-70 V), converters to all loads
° Solar array - 22,920 cells (2X 4 cm) on two wings
° Array output - BOL = 1800 W, EOL (5 yr) = 1435 W

- Separate charge array included (200 W)
Three NiCd, 24 cells each, 24 A-hr each
Cell bypass circuitry

° Batteries

Thermal Control

| ° Passive radiators, insulation, and heaters

| C.12-4
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Table C.12-1. FLTSATCOM Subsystem Description (Cont.)

Communications

t ] SHF - 1 transmitter
L UHF - 12 transmitters (10 Navy, 2 AF)
° Channel 1 - fleet broadcast (SHF/UHF)
I o Channels 2-10 - Navy relay (UHF)
L] Channels 11-22 - AF narrow-band users (UHF)
] Channel 23 - DoD wideband users (UHF)

L Communications equipment located in separate '‘payload module'

Tracking, Telemetry, and Command

' L S-band, SGLS-compatible

o Encrypted, clear command and telemetry
o Telemetry bit rate - 250 or 1000 bps
o PRN (pseudo-random noise) ranging and doppler

1 Antennas '
] UHF

&
i i ° Transmit - 16-ft parabolid (backfire bifilar helix feed)
: o Receive - 18-turn aluminum ribbon helix
° Multicoupler/filter - 13-port sealed and pressurized to

prevent multipacting
o SHF - Horn antenna looking through hole in UHF mesh dish
TT&C - Log conical spiral

Reliability
o Design life - wearout, 5 years; expendables, 7 years
o Reliability - 24 at 5 years
o Mean mission duration - 38 months
o No electronic component single-point failure modes, extensive
cross-strapping and redundancy
L Ground -command backup and overrides for automatic functions
| Survivability
J. o Meets Joint Chiefs of Staff (JCS) requirements without radiation
. detection, circumvention, or ground command reset tech-
- niques; also capable of unattended operations for 20 days
C.12-5
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This problem was fundamental and would have occurred no
matter which contractor was selected, as indicated by the presence of IMs
to greater or lesser degree on nearly all other programs involving multiple

transmitters using common transmitting and receiving antennas.

C.12.4.2 Multipacting

Multipacting can occur in a vacuum whenever the proper con-
ditions of voltage, frequency, and spacing are met. The large number of
transmitters used in the FLTSATCOM program cause high peak voltage
levels that make the probability of multipacting greater than when only one
transmitter is used. The problem occurred during early multicarrier
vacuum power tests, but was not immediately identified because of improper
test disciplines. It was not until the second power handling test a year later
that the multipacting problem had its full impact.

A systematic investigation was begun which resulted in
redesign of the transmit feed so that the balun could be mr.oved to a less
temperature-sensitive location and pressurized or filled with teflon or both.
Separate teflon-filled coaxial transformers with coaxial lines were then used
to feed the two terminals of the bifilar helix.

The problem remaining is the excessive temperature expan-
sion properties of the teflon dielectric. This is basically a combined
material and mechanical problem that is made difficult by the large tempera-

ture excursions of the antenna feed elements.

Cal12:5423 Air Force Transmitter Stability

Two problems) were encountered on the FLTSATCOM program
relative to stability of the Air Force transmitter. One was repeatability of
intermodulation measurements and the other was break-up at cold tempera-

tures with two carriers present.

C.12-7
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SPACE TEST PROGRAM (STP) 71-2 (AGENA
SATELLITE)

1]
i

C.18%.1 Program Summary

The STP 71-2 program was performed by the Space Systems
Division of the Lockheed Missiles and Space Company (LM3C) for the Air
Force Space and Missile Systems Organization (SAMSO) with The Aerospace
Corporation performing the General Systems Engineering/Technical Direction
(GSE/TD) role. The program comprised a single Thorad/Agena launch from
the Western Test Range (WTR) with the Agena acting as both an ascent stage
and as a spacecraft in support of four experiment equipments, which were
government-furnished equipment (GFE) to the program.

Program go-ahead was on 1 April 1970. The Agena was
shipped to the launch base on 21 Septelmber 1971 and the launch took place
on 17 October 1971. Although the design mission life was 6 months, the
vehicle operated and produced useful data for 26 months when the last battery
failed.

The primary objectives of the program were to carry four
experiments into nominal 425-mile polar circular orbit to meet flight objec-
tives of each experiment as follows:

a. Flexible Solar Array (RTD-806) - Demonstrate solar

array extension, retraction, and linkage; power

transfer capability, tracking, and lock-on performance

with changing beta angle; power generation capability;

and solar cell performance during prolonged orbit
operations.

b. Celestial IR (SAMSO-002) - Accumulate and reproduce
three orbits of celestial infrared data.

c. Input- Qutput (ONR-001) - Accumulate data from
ionosphere region; perform radar and VLF (very low
frequency) propagation studies.

d. BATSON (NSA-101) - Validate BATSON operations.
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Secondary objectives were as follows:

a. SAMSO-002 - Evaluate operating life of the cooling
system and erection of the sensor system during
mission life.

b. ONR-001 - Acquire additional data on effective
electron-ion recombination rates versus altitude in
E- and F-region of ionosphere.

Cc.13.2 Satellite Description

The satellite was a standard Agena with one experiment
located on the aft rack and three experiments on a forward payload module.
The satellite was vertically oriented in orbit as shown in Figure C.13-1.
The overall spacecraft dimensions prior to deployment of the solar array
and experiments were a diameter of 60 in. and length of 31.5 ft. The
on-orbit empty weight of the satellite was 3443 1b. The Agena subsystem
components are listed in Table C.13-1. System and subsystem data were

obtained from Reference C, 13-1. {}

C.13.3 Key Milestones and Events

I The key milestones through launch were:

‘ Program Go-Ahead 4/1/70
Preliminary Design Review 9/18/70
Critical Design Review 2/11/71 :
__ Vehicle CART 5/21/71
- Ship to Vandenberg AFB 9/21/71 1
1 DD-250 9/25/71 F
Launch 10/17/71
Significant program events and malfunctions are summarized in §
Figure C.13-2,
]
!
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INPUT - OUTPUT ANTENNA AGENA ASCENT-
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FIXED *
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L
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SAMSO - 002
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CHARACTERISTICS
DIAMETER (ASCENT) - 5FT
LAUNCH DATE WIDTH (DEPLOYED) . - 40FT
LENGTH (ASCENT) - 31.5FT
17 OCT 1971 WT (ON-ORBIT) - 3443 LB
* POWER (BOL) - 435 WATTS
BOOSTER - THORAD/AGENA DESIGN LIFE - 6 MONTHS

ORBIT - 4250NM
937 INCLINATION

Figure C.13-1. Space Test Program (STP) 71-2 (Agena Satellite)
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Table C.13-1. Agena Subsystem Components

Structures
° Aft rack
) Propellant tank assembly
° Forward rack
¢ Booster adapter
® Nose fairing

Prog._llsion

Bell 8096 rocket engine
Associated propellant lines, valves, and couplings
Helium sphere

Pressurization system lines, valves, and couplings

Electrical Power

Inverter type 12A

Inverter type 15

Power distribution box

Power transfer switch

Converter type 9A

Forward safe arm box

Aft control and instrumentation box
Destruct/discrete box

Magnetic timer

Amp-hour meter

Current sensor

Solar array module

DC power and telemetry J-box

AC power and telemetry J-box
Fuse resistor J-box

ONR control box

Power control logic assembly type 1
Fower control logic assembly type 2
Type VII secondary battery

Type 30 primary battery (3)
Charge controller - spacecraft bus
Shunt regulator - SAMSO bus

C.13-4
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Table C.13-1. Agena Subsystem Components (Cont.)

Guidance and Attitude Control

Horizon sensor (2)
Horizon sensor electronics
Flight control electronics
Inertial reference package
Velocity meter

Velocity meter counter
Guidance J-box

Flight control J-box
Sequence timer (2}

WECO kit

Control moment gyros (4)
Tri-axial, Magnetometer
Nitrogen sphere

Nitrogen regulator

Thrust valve cluster (2)

Hydraulic actuators (2)

Hydraulic power package

Telemetry, Tracking, and Command

PCM telemeter type 3

KCX-28 (2)

PCM unit type 6

Submultiplexer type 3

Baseband assembly unit (2)

UHF - PM transmitter - 2 W (2)
RF switch type 14

UHF multicoupler type 14
RF switches

Antenna type 28

Antenna type 7

PCM MOX type 5

Tape recorder type 32 (2)
Transmitters (2) - 10 W
RF couplers

UHF receiver - demodulator type 2 (2)
Decoder type 23 (2)
Subdecoder (2)

Various antennas
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Flight Malfunctions and Anomalies

The malfunctions and anomalies that occurred during the
STP 71-2 flight are summarized below along with significant non-anomalous

operations. This information was obtained from Reference C.13-2.

(G AR T Primary Battery 1 Over-Temp.

On the first day in orbit, primary battery 1 experienced an
over-temperature condition. The probable cause was either an internal

short or incorrect thermal and load sharing designs.

C.13.4.2 Secondary Battery 2 (SAMSO Bus)

Secondary battery 2 reached 162°F on day 21. There was
some damage (reduced capacity) to the battery, but it was not critical. The
probable cause was a thermal/overcharge condition. The SAMSO bus
(secondary batteries { and 2) provided back-up power until day 333 when loss
of the second carrier 1 transmitter necessitated shutdown of the SAMSO bus.
During operation, voltage extremes of 0.7 to 30.5 V were experienced, as
well as temperature extremes of 10°F to 135°F (battery 1) and 162°F
(battery 2).

C.13.4.3 Carrier 1 (2 W) (Spacecraft Operations - Health)

Transmitter 1 of this carrier became intermittent on day 60,
Transmitter 2 became intermittent on day 333. Up to the point of mission
termination both transmitters were producing intermittent data of from 1 to
750 sec (total pass). No correlation was found with temperature or voltage.
One or the othcr transmitter was used to transmit some data on 25 percent
of the passes.

The total operational times to failure for the Carrier 1 trans-

mitters were:

a, Transmitter 1 - 100 hr [540 (12 min) contacts]
b. Transmitter 2 - 260 hr (1300 contacts)




S

C.13,.4.4 Carrier 2 (10 W) (Experimenter and Tape

Recorder)

Transmitter 1 of carrier 2 failed to produce data on day 226.
Subsequently, this transmitter operated satisfactorily (day 502 to 528 and
day 532 to mission termination, day 715). Failure on day 226 may have been
with RF switch contact (~200 transfers to that point). Probable cause was
dirt, corrosion, or a random failure to transfer. (It was during a transfer
from transmitter 2 to transmitter 1 that the failure occurred. Transmitter 1
was drawing power, however.)

Transmitter 2 (550 hr) failed to produce data on day 502. It
was tried again on day 528 and operated satisfactorily to day 532 when it
again failed. A transfer was not involved during either of the transmitter 2

failures and it did not draw power,

C.13.4.5 SAMSO-002 Coolant Loop

An apparent leak commenced on day 13; by day 21 when the
coolant system was shut down due to temperature problems on battery 2, the
accumulator outlet pressure indicated that the accumulator was fully com-
pressed, i.e., empty. An attempt to restart the coolant loop and SAMSO-002
system was initiated on day 44, but was terminated after four revolutions due
to insufficient coolant flow. The most probable cause has been stated to be

a micrometeoroid penetration of the heat exchanger or other tubing.

C.13.4.6 Tape Recorders

Tape recorder 2 (SR1001) failed on day 371, It appeared to
be stalled at BOT (beginning of tape) and drew excessive current (~1.5 A
versus 0.5 A steady state). Tape recorder 2 had previously exhibited a
track-jumping condition (five occurrences) only when the '"end of track 2
override' was enabled. This was believed due to susceptibility of stray
voltage in check-out circuitry, which is not used in the flight mode. Tape

recorder 1 (SR1002) failed during a readout when switching from track 7 to
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track 6 (day 445). Logic control appears to have failed. The tape recorder

will not move in either direction following this failure.

The following is a summary to the tape recorder operating

times: i
Operating Time (hr)
Serial No. At Odetics LMSC Flight Total
1001 (No. 2) 350 142 1696 2188
1002 (No. 1) 579 129 2120 2828
C.13.4.7 Command System Switch

The decoder or receiver switch associated with the U2XXX
command system completely failed on day 600. It was not possible to deter-

mine the cause. No commanding was possible through this system.

C.13.4.8 NSA-101 Noise

Starting with day 50, the NSA-101 experiment began to experi-
ence a large noise input. This subsequently proved to be related to the 2F

stable oscillator heater of the PCM-5 unit. Satisfactory operation was

1

resumed with the heater power off (compensations must be made for frequency

shifts). The most probable cause was a crack in the dewar.

C.13.4.9 Pneumatic Control System (non-anomalous)

This system was activated on day 40 for restabilization while
the vehicle was being torqued at several times the capability of the gravity
gradient/CMG (control moment gyro) system. The source of the torque,

which lasted approximately 10 hours, was never determined.

The system was activated again on day 183 for approximately
90 min to reacquire the gravity gradient/CMG control. The vehicle was
placed in large angle coning motion as a result of reactions from spin-up of
the RTD-806 array. At that time there were 22 1Ib of control gas remaining
(lifted off with 47.5 1b).

C.13-9




C.13.4.10 Horizon Sensor Operation (non-anomalous)

The horizon sensors have been operated intermittently over

a 21-month period. They have been used for early orbit attitude control,

recovery from unstable conditions (twice), and to check attitude behavior

during RTD-806 and vehicle maneuvers (three yaw-arounds). Total operating

time on orbit has been 125 hours.

C A3 .1l Secondary Battery/Solar Array Operation

(non-anomalous)

The vehicle has performed approximately 10, 400 revolutions
with the single secondary battery and P-69 solar array. There have there-
fore been approximately 15,000 battery cycles and approximately 12, 000

activations of one or both of the charge controllers.

C.13.5 Evaluation of Program Experience

Some of the factors which contributed to the success of the

program included:

Rebuilt all orbital critical equipment.

Tested all boxes drawn from stock; changed parts to
hi-rel (in some cases); and added redundancy on
back-up mode to boxes.

Included at least one back-up mode for every critical
function,

Performed system level FMEA (800 hr actual).

Parts engineers made visits to manufacturers to preclude
recurrence of problems noted during test.

Constant communication was maintained with subcontractors.

Close cooperation was maintained with Aerospace
(GSE/TD contractor).

Test screening program was increased to 250 hr burn-
in, 150 hr failure-free operation.

Special envelope testing was required beycnd standard
qualification test and fly, particularly mechanical
equipment such as antennas and deployment mechanisms.
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| je Life test was required on the tape recorder (extended
Y ‘ qualification test used short time at accelerated factor).

The reliability/ maintainability/safety effort on the program

was approximately 4 percent of all hours (excluding manufacturing and

) quality assurance). The vehicle did not have an acoustic test or a thermal-
vacuum test.
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C.14 NATO III COMMUNICATIONS SATELLITE

Cc.14.1 Program Summary

The NATO IIl satellite is being designed and developed by the Philco-

Ford Corporation of Palo Alto, California. The Air Force Space and Missile Systems
Organization (SAMSO) is the managing contracting agencyand The Aerospace Corpor -

ation is the General Systems Engineering /Technical Direction contractor.

The satellite contract was awarded 5 March 1973. Two flight
spacecraft, one thermal/structural model and one qualification model, were
included in the contract. Optional provisions were also made for refurbishing
the qualification model for use as a third flight satellite. The first launch is

estimated to be in early 1976. The launch vehicle is a 2914 Delta.

C.14.2 Satellite Description

The NATO III satellite is spin-stabilized and will be placed in a
24-h6,fi-r synchronous orbit. It has a cylindrical-shaped body which is covered
with 20, 120 solar cells (see Figure C.14-1). There are three X-band commu-
nication antennas: Atlantic transmit, European transmit, and receive. The
antennas are mechanically despun to point toward earth and are fed through a
three-channel rotary joint attached to the spin-stabilized section where the
communication equipment is mounted. Salient satellite features are given in

Table C.14-1. Brief subsystem descriptions are listed in Table C. 14-2.

C.14.3 Key Milestones and Events

An overall program schedule is shown in Figure C.14-2.

C.14.4 Significant Problems Occurring During Program

The most significaut problem that occurred during the NATO IlI
contract was related to the difficulty the prime contractor had in getting delivery

of high-reliability piece parts on schedule. First, it must be realized that the

specified piece part requirements for the NATC III program emphasized extreme

reliability and quality. Philco-Ford accepted these requirements. (They did

not request nor would SAMSO entertain waivers to allow lower quality parts.)

C.14-1
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RECEIVE
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Figure C.14-1. NATO III Communications Satellite
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Table C.14-2. NATO III Subsystem Description

Structure
L Primary - central cylinder mounted on Delta 3731A adapter
. Spinning platform supported by central cylinder and struts
. Despun antenna mounted on despun mechanical assembly (DMA)

at forward end of central cylinder

Attitude Control

. Hydrazine thrusters (redundant 5 1b axial and radial)
. 50.0 lb propellant budget
° Sensors
L Earth (4)
. Sun (2)
. Nutation damper
o Ball in tube
o Apogee kick motor (AKM)

o Aerojet SVM-6 (6% on load capability)

Power
° Two-segment cylindrical solar array
. Body-mounted solar cells
. Batteries - NiCd
Thermal
o Primarily passive
] Heaters (hydrazine, AKM, battery)
Communications
. Three-channel, X-band, single-conversion repeater
. X -band beacon

Tracking, Telemetry, and Command

° S-band, compatible with SGLS

. 165 commands
. 215 telemetry points
Antennas

. Communications
. One wide-beam receive (Northern Hemisphere)
. One wide-beam transmit (Northern Hemisphere)
[ One narrow-beam transmit (European zone)

. Tracking, telemetry, and command
L One omnidirectional ring array

C.14-4
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Philco-Ford found that the piece part vendors were not only reluctant to supply
the parts to the special h;i'-rel requirements but that the delivery schedules
were also stretched from an already long proposed average lead time of 33-36
weeks to periods of 42-52 weeks in some cases. The impact on program

schedule is obvious.

In addition to late delivery of parts, 11 semiconductor types and
two other critical part types failed to pass high-reliability screening tests.
This resulted in vendors having to begin re-manufacture of entire lots of parts
to replace the lots that failed screening. In a few cases, it was necessary for
Philco-Ford to order these parts from other vendors because the vendors
whose parts failed couldn't or wouldn't try to remake the parts to the hi-rel

requirements.

The current difficulty in obtaining hi-rel piece parts is not
unique to the NATO III program. A survey conducted by Air Force Systems
Command Headquarters revealed that parts and materials shortages are im-
pacting all weapon system, space, and other system development/acquisition
programs. The degree of impact appears to be in direct proportion to the
level of quality required from parts and materials vendors. NATO LI quality

standards are extremely high; therefore, the impact on parts deliveries is

correspondingly great.
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C.15 INTELSAT 1/11 COMMUNICATIONS SATELLITES

Cr 155. 1 Intelsat I (Early Bird)

CatsS.i= il Program Summary

In August 1964 the International Telecommunications Satellite
Consortium (now known as Intelsat) was orgaﬂized. The purpose of Intelsat
was the production, ownership, management, and use of a global communi-
cation satellite system. The feasibility of satellite communications had al-

ready been proven, and Intelsat decided to launch a satellite to gain informa-

tion in four areas:

The rain margins required at ground stations
The reaction of telephone users to the transmission delay

The long-term operation of the stationkeeping control valves

[ TR B »

The applicability of communication satellites for commercial
telephone use 2

The satellite was to be basically experimental to provide some results in the
above areas of uncertainty. If the results were favorable, the satellite would
be put into operational use. Because of the success of Syncom, Intelsat de-
cided to use a satellite of similar design. The resulting satellite (Intelsat I)
was named Early Bird. It was designed and built by Hughes Aircraft Company
of El1 Segundo, California, with Comsat Corporation acting as progran: man-
ager for Intelsat.

Early Bird was launched in April 1965. Extensive tests were
conducted using stations in Maine, England, France, and Germany, which had
also operated with Telstar and Relay. Noise, intermodulation, and frequency
response measurements were made with single and multiple carriers with
voice and television signals. Optimal operating points for ground equipment
were determined. The tests indicated that operation to commercial standards

could be maintained. The DoD also conducted limited tests using EZarly Bird.

Early Bird was initiated into regular commercial service in
June 1965 and operated regularly until January 1969. In July and August 1969

it was used again during a temporary outage of Intelsat IIIB.




C.15.1.2 Satellite Description

The Early Bird design basically followed the Syncom design.
The bandwidth and radiated power were increased to provide better service,
including two-way television. Larger solar cell panels were used, increas-
ing the satellite height. Since the satellite was to be used for transmissions
between North America and Europe, the antenna pattern was shaped to ser-
vice the Northern Hemisphere. Maximum gain occurred at 45°N latitude,
rather than at the equator. The satellite had two independent repeaters, one
for transmissions from Europe to North America, and the other for the op-

posite direction. Details are given in Table C. 15-1. \

C.15.2 Intelsat II
€. 15,251 Program Summary

Intelsat II was developed as a follow-on to Early Bird (Intelsat I).
A prime factor in the timing of the Intelsat II program was NASA's need for
multichannel communications with its overseas ground and shipborne tracking L
stations. Formerly these communication links depended on high-frequency
radio, but the increase in manned space flights required improved quality and
reliability. The Intelsat II satellites were designed to satisfy NASA's require-
ments and to have additional capacity for other commercial traffic, They were
built by Hughes Aircraft Company of El Segundo, California.
The first Intelsat II satellite (IIA) was launched in October 1966,
but because of an apogee motor malfunction, it's final orbit was elliptical with
a synchronous altitude apogee. It was used for communications in the Pacific
area a few hours a day until satellite IIB was launched. After that, it was used
occasionally for ground station tests. Satellites 1IB, IIC, and IID were all
launched successfully and operated properly. They were used both for regular
commercial service and in the NASA communications network. These three
satellites, along with Early Bird, were "retired" in 1969 and 1970 when the

Intelsat III satellites became operational. All four retired satellites are still

in good condition and are available for further use when required.
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Table C.15-1. Intelsat I (Early Bird) Technical Details

Satellite

o Cylinder, 28 in. diameter, 23 in. high

L 85 1b

o Solar cells, 45 W max. (NiCd batteries not used by the

communication subsystem)

o Spin stabilized
Configuration

o Two 25-MHz-bandwidth double-conversion repeaters
Capacity

L 240 two-way voice circuits or 1 two-way TV circuit
Transmitter

L 4081 MHz to U.S., 4161 MHz to Europe

o Two TWTs, one on, one standby
o 6-W output, 10- to 1!{-dBW ERP per repeater
Receiver

6390 MHz from U.S., 6301 MHz from Europe
9-dB noise figure

Antenna
o Transmit - six-element colinear slot array, 9-dB gain,
11° X 360° beam tilted 7° above equatorial plane
(maximum gain at about 45°N latitude)
° Receive - three-element cloverleaf array, 4-dB gain,

40° x 360° beam

C.15-3
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Table C.15-1. Intelsat I (Early Bird) Technical Details (Cont.)

Design Life
t o 1.5 years
f Orbit

o Synchronous equatorial

Launch Record

L% i

| U Launched 6 April 1965

Commercial service use from 28 June 1965 to January 1969,

and from 29 June to 13 August 1969 (to fill coverage gap
caused by Intelsat IIIB outage)

Developed By

o Comsat Corporation

o Hughes Aircraft Company

C.15-4
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C 5. 2.2 Satellite Description

The Intelsat II design, as depicted in Figure C.15-1, was an
evolution from Early Bird and Syncom. A single, wide-bandwidth repeater
was used instead of narrow-band limiting repeaters. The antenna pattern
was centered at the equator to provide equal coverage to both the Northern
and Southern Hemispheres. Parallel TWTs were used in the transmitter to
compensate for this wider beamwidth (the Early Bird antenna pattern covered
only the Northern Hemisphere). The capacity of Intelsat II is therefore the
same as Early Bird. Table C.15-2 gives technical details.

Gal5. 3 Key Events and Milestones

Significant milestones and problems in the Intelsat I and II

programs are summarized in Figure C.15-2.

C.15-5
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| COMMUNICATIONS

/ ANTENNA

|
| THERMAL
[ SHIELD
TELEMETRY
| ANTENNA (8)
i
! [ 1
S
I i
il SOLAR o
, CELLS 5
!
SOLID ROCKET
MOTOR i
| LAUNCHES :
]
IIA (2F-1) - 26 OCT 1966
IIB (2F-2) - 11 JAN 1967 ,.!
IIC (2F-3) - 7 APR 1967 CHARACTERISTICS |
1IC (2F-4) - 27 SEPT 1967
DIAMETER - 56 IN |
BOOSTER - THOR (TAT) DELTA HT (OVERALL) - 45 IN ;
. WT (LIFTOFF) - 357 LB i
ORBIT - SYNC. EQUATORIAL POWER (BOL) - 85 WATTS i
"a DESIGN LIFE - 3 YEARS J
s :
i é
l Figure C.15-1. International Telecommunications Satellite %
1 (Intelsat II) ]
3
|
C.15-6 1
‘ )
l : T . ; 4 l-v. RYRTRSY ‘h‘ 4 L



Table C.15-2. Intelsat II Technical Details

Satellite

® Cylinder, 56 in. diameter, 26-1/2 in. high, overall
height 45 in.

° 192 1b

o Solar cells and NiCd batteries, 85 W

o Spin stabilized

Configuration

o One 130-MHz-bandwidth single -conversion repeater
Capacity
L 240 two-way voice circuits

Transmitrter

L 4055 to 4185 MHz

o Four 6-W TWTs; any combination of one, two, or three

may be on
o 12-W output, 15.4-dBW ERP with two TWTs on

il

Receiver

L 6280 to 6410 MHz

L Redundant; one on, one standby

L 6-dB noise figure
Antenna

L Transmit - four -element biconical horn array, 5-dB gain

L Receive - single biconical horn, 4-dB gain




Table C. 15-2. Intelsat Il Technical Details (Cont.)

Design Life

o 3 years
Orbit
o Synchronous equatorial

Launch Record

° IIA (F-1) - launched 26 October 1966, failed to achieve
synchronous orbit (12-hr orbit allows 4 to 8 hr

use per day, used in Pacific until IIB launched)

IIB (F-2) - launched 11 January 1967, stationed over Pacific

(retired mid-1969, available as sparé)

IIC (F-3) - launched 7 April 1967, stationed over Atlantic

(retired February 1970, available as spare)

IID (F-4) - launched 27 September 1967, stationed over
Pacific (retired)

Developed By

L Comsat Corporation

o Hughes Aircraft Company
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C.16 INTELSAT IiI COMMUNICATIONS SATELLITE

Cc.16.1 Program Summary

In 1966 work began on the Intelsat III satellites, which were
to provide a significant increase in capacity over the previous satellites., A
larger number of satellites was planner in order to provide full global cov-
erage. The satellites were designed and built by TRW Systems Group of
Redondo Beach, California, under the project management of Comsat
Corporation.

Originally the Intelsat Il program was to include six launches.
During the course of the program, partially due to the failure of the first
launch, the program was extended to eight launches. The seventh satellite
was fabricated from available spare parts, and the eighth was the refur-
bished prototype. Between December 1968 and July 1970, five of the eight
satellites were successfully placed into synchronous orbit. All five operated
satisfactorily. A component failure reduced the capacity of Intelsat IIIC, but
it was moved from the Pacific to the Indian Ocean area, where it provided

acceptable service due to the lower traffic density.

C.16.,2 Satellite Description

The size of Intelsat IIl was greater than Intelsat II because of
increased payload capability of the Delta launch vehicles. In appearance
(Figure C.16-1) it is a spinning cylinder similar to all the previous synchro-
nous communication satellites. The major mechanical change is the use of
a despun antenna with an earth-coverage beam. The increased gain available
with 'the despun antenna is the major reason for the increase in capacity to
1200 voice circuits, from the 240 in Intelsat II and Xarly Bird. Details of
the Intelsat III design are given in Table C.16-1.

C.16.3 Key Milestones and Events

Significant milestones and problems in the.Intelsat III program

are summarized in Figure C.16-2. This information was obtained from
References C.16-1 through C.16-5,
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Figure C. 16-1. International Telecommunications Satellite
(Intelsat III)
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Table C. 16-1. Intelsat III Technical Details

Satellite
° Cylinder, 56 in. diameter, 41 in. high, overall height 78 in.
o ~3301b
o Solar cells and NiCd batteries, 130 W
] Spin stabilized, 90 rpm
Configuration
° Two 225-MHz-bandwidth single-conversion repeaters
Capacity
L 1200 two-way voice circuits or 4 TV circuits
Transmitter

° 3705 to 3930 MHz and 3970 to 4195 MHz

® Each repeater has low-level TWT driving high-level TWT

L 10-W output, 27-dBW ERP each repeater (22 dBW minimum
at edge of earth)

Receiver

° 5930 to 6155 MHz and 6195 to €420 MHz
o Two tunnel diode amplifiers in each repeater
(one on, one standby)

o < 7-dB noise figure

C.16-3
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Antenng_

Design Life

°
Orbit

Table C.16-1. Intelsat III Technical Details (Cont.)

Mechanically despun conical horn with flat reflector 45°
to horn axis

19.3° beamwidth, circular polarization
Transmit - 18-dB peak gain
Receive - 21-dB peak gain

5 years

Synchronous equatorial

Launch Record

IHA(F -1) - launched 18 September 1968, failed to achieve
proper orbit

IIB(F-2) - launched 18 December 1968, stationed over Atlantic

INC(F -3) - launched 5 February 1969, stationed over Pacific
(Indian Ocean after IIID launch)

IIID(F -4) - launched 21 May 1969, stationed over Pacific

IIIE(F -5) - launched 25 July 1969, failed to achieve proper orbit
IOF(F-6) - launched 14 January 1970, stationed over Atlantic
ING(F-7) - launched 22 April 1970, stationed over Atlantic
IIIH(F -8) - launched 23 July 1970, failed to achieve proper orbit

Developed By

Comsat Corporation

TRW Systems Group

C.16-4
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C.17 INTELSAT IV COMMUNICATIONS SATELLITE

cC.17.1 Program Summary

Planning for the Intelsat IV satellites started before the first

Intelsat III launch. The planning was based on the rather sure assumption
that the demand for satellite communication services would increase yearly.
The intent of Intelsat IV is to provide the required capacity increase; opera-
tionally it is compatible with the techniques and equipment used with
Intelsat III. The Intelsat IV satellite is designed and built by the Hughes
Aircraft Company of E1 Segundo, California, under the project management
of Comsat Corporation,

Seven Intelsat IV satellites have been launched, six successfully;
the first launch was in January 1971, The six that achieved orbit are now
operational in the Intelsat network. As these satellites became operational

»
the smaller Intelsat III satellites were removed from active use and became

on-orbit spares.

C.17.2 Satellite Description

As shown in Figure C.17-1, the design of Intelsat IV differs
significantly from that of Intelsat III. The new design was necessary to
achieve the required communication capacity, The basic satellite is similar
to TACSAT, with a spinning shell and a despun platform on which are mounted
the antennas and some electronics. Like TACSAT, and unlike earlier Intelsats,
the spin axis is not the axis with the maximum moment of inertia, and appro-
priate attitude controls are required. Prior to Intelsat IV, increased capacity
was obtained by increasing the repeater bandwidth, limited only by satellite
ERP. Intelsat IV is a channelized system with 12 separate repeaters, each
with 36 MHz bandwidth, to achieve efficient spectrum utilization. The total
spectrum used is 432 MHz, and the capacity using earth-coverage antennas

is 3000 duplex telephone circuits, or about 2-1/2 times the capacity of
Intelsat III,
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Figure C.17-1. International Telecommunications Satellite (Intelsat IV)
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Intelsat IV is the first satellite to have narrow -beamwidth
(or spot beam) antennas in addition to earth-coverage antennas. These
antennas have a 4.5° beamwidth (earth coverage is 17°) and are used only
for transmitting. Up to four repeaters may be connected to each of the two
narrow-beam antennas, providing a maximum capacity of 9000 telephone
circuits. Additional details of the Intelsat IV design are given in Table C.17-1,
Ground equipment designed for use with Intelsat IV allows on-
demand channel assignment as well as preassigned channels, which is the
operating technique used with Intelsat I to III. For low-density communica-
tion links, on-demand assignment provides more efficient use of satellite

capacity.

C.17-3 Key Events and Milestones

Significant milestones of the Intelsat IV program and problems

encountered during on-orbit operation of the satellites are summarized in
Figure C.17-2,
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{ l Table C. 17 -1. Intelsat IV Technical Details

’ Satellite

° Cylinder, 94 in. diameter, 111 in. high body, overall height
with antennas 210 in.

° 1559 1b
Wt ®  Solar cells and Ni~d batteries, 570 W initial, 460 W end of life
° Spin stabilized, 50 to 60 rpm, error < 0.35° (each axis)
Configuration
p g | ° Twelve 36-MHz-bandwidth single-conversion repeaters
! Capacity
l il ° Total of 3000 to 9000 two-way telephone circuits depending on

use of earth-coverage or narrow-beam antennas, number of
carriers per repeater, and modulation formats

. ° One color TV channel per repeater O
' Transmitter i
] 3707 to 4193 MHz
° Two TWTs per repeater (one on, one standby)
° 6-W output per repeater
° ERP per repeater - 22.0 dBW (earth-coverage antenna),

33.7 dBW (narrow-beam antenna), both at -3 dB points
of antenna pattern

Receiver

° 5932 to 6418 MHz

° Four complete units (one on, three standby), tunnel diode
preamplifiers i
® 8.2-dB noise figure

= | C.17-4
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3 Table C.17-1, Intelsat IV Technical Details (Cont. )
i Antennas
( L Four earth-coverage horns (two for transmit and two for
receive), 20.5-dB gain peak, 17° beamwidth
|
i o Two narrow-beain parabolas, 50-in. diameter, 2..7-dB gain peak,
4.5° beamwidth, steerable in the 17° earth-coverage cone
L All six antennas mounted on a despun platform and circularly -
polarized
Design Life ;
) 7 years
Orbit =
| . Synchronous equatorial
| a Liaunch Record
| & o F -2 - launched 25 January 1971, stationed over Atlantic
(standby spare status)
. F -3 - launched 19 December 1971, stationed over Atlantic
) F -4 - launched '3 January 1972, stationed over Pacific
o F-5 - launched 13 June 1972, stationed over Indian Ocean
® F -7 - launched 23 August 1973, stationed over Atlantic
. l ° F -8 - launched 21 November 1974, stationed over .Pacific
I ] F-6 - launched 20 February 1975, failed to achieve proper
orbit
Developed By
o Comsat Corporation

U Hughes Aircraft Company
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